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Abstract

There is growing interest in the contribution of native plantations to biodiversity
conservation in a variegated landscape. Eucalypt plantations are expanding
rapidly in Australia; they provide conservation potential through afforestation, but
their real value for native fauna requires investigation. The relative conservation
value of eucalypt plantations was investigated through assessment of avifauna
richness, abundance and composition with transect surveys incorporating point
counts in five broad habitat types – dryland forests, riparian forests, dryland
plantations, riparian plantations, and riparian pastures.
A total of 73 species were recorded during formal surveys. Species
richness and abundance were comparable among all habitat types except dryland
plantations, which supported fewer species and in lower numbers. The avifauna
assemblage differed according to broad habitat types. Forest habitats (dryland and
riparian) harboured more forest- and woodland-dependent species, and a greater
abundance of nectarivores and insectivores. Riparian plantations supported a
similar number of forest- and woodland-dependent species to forest habitats, but
also retained many open-country species. Riparian pastures had the highest
cumulative species richness, reflecting a diverse mix of forest- and woodlanddependent birds and open-country species. It was the preferred habitat type for
granivores and vertebrate eaters. Dryland plantations were dominated by common
species and omnivores, and supported fewer forest- and woodland-dependent
birds, insectivores and frugivores compared to other habitat types. The presence
of riparian strips in plantations and pastures markedly increased habitat value for a
xi

wide range of avian species. The importance of riparian habitats needs to be
recognised

and

incorporated

into

management

policies

if

biodiversity

conservation is to be an objective of plantation establishment.
In order to determine the conservation value of native eucalypt plantations
compared to regrowth forests for insectivorous birds, habitat structure variables
and time budgets were quantified for two species of insectivore. In comparison to
eucalypt plantations, regrowth forests supported a wider range of tree sizes, and a
greater percentage cover of canopy, shrub and litter layers. Although a similar
amount of native vegetation was retained in riparian and dryland plantations, there
were more large, mature trees retained in riparian strips. Both the eastern yellow
robin (Eopsaltria australis) and the white-browed scrubwren (Sericornis frontalis)
exhibited some behavioural flexibility in response to changes in habitat structure.
The eastern yellow robin utilised rough-barked trunks and stems as perches in
forest habitats, switching to branches in eucalypt plantations where vertical
perches were few. The white-browed scrubwren also utilised habitat-specific
substrates in accordance with availability – logs in forest habitats, and grass, ferns
and shrubs in plantations. Scrubwrens spent more time calling and less time
actively foraging in riparian plantations than in forest habitats, suggesting
differential predation risks in the different habitat types. Although the time budget
for both species was similar among habitat types, dryland plantations had fewer
birds. Frequent absence of both ground-foragers from dryland plantations suggests
that behavioural changes cannot accommodate the absence of essential habitat
features and resources in dryland plantations.
This study also compared the territory size, shape and usage of an areasensitive forest-dependent songbird, the eastern yellow robin, in four habitat types

xii

– dryland forests, riparian forests, dryland plantations and riparian plantations.
Territory size and shape did not differ significantly among forest and plantation
habitats; however, territories in dryland habitats were more variable in size than
their riparian counterparts. The core area of concentrated activity (50%)
comprised approximately 13% of the total size of robin territories. No significant
differences in edge indices were found amongst habitat types; however, riparian
habitats exhibited greater variability in territory shape. Within plantation habitats,
territory occupation was closely related to the distribution of remnant and/or
riparian vegetation: the eastern yellow robin showed significant preference for
remnant and riparian vegetation over plantation trees. This pattern was especially
pronounced in riparian plantations, as riparian vegetation on average comprised
over half of the area of robin territories, and almost 75% of the core area, amounts
highly disproportionate to the percentage cover of riparian vegetation.
This study suggests that plantations have the potential to provide
significant conservation benefit for the avifauna of cleared and variegated
landscapes. However, this benefit will be substantially increased through retention
of old-growth vegetation patches and corridors within plantations, and
management of the ground layer to prevent the dominance of weeds.
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Chapter 1
General Introduction and Literature Review

1.1 Introduction
Forested areas cover one-third of the world’s total land area, or just under 4
billion ha, of which 36% are primary forests undisturbed by human activities
(FAO, 2006; FAO, 2007). Conversion of forests to agricultural land is occurring
at an alarming rate, especially in the tropics; 13 million ha are lost or modified per
annum, including 6 million ha of primary forests (FAO, 2006; FAO, 2007). The
world lost 3% of its total forest area over the period of 1990-2005, with the
greatest rate of loss in Latin America, the Caribbean, and Africa (FAO, 2006;
FAO, 2007). Reduction and fragmentation of forest cover have caused local and
regional declines in the species richness and abundance of fauna and flora, as well
as landscape degradation such as soil erosion, desertification and dryland salinity.
At the same time, forest restoration, expansion and plantation
establishment have slowed the rate of net forest area loss (FAO, 2006). Industrial
plantations of native species have the potential to provide large scale
environmental benefits through the mitigation of damages associated with erosion
and salinity, improvement of environmental health in areas such as water quality
(Nambiar and Ferguson, 2005), as well as carbon sequestration (Forests NSW,
2008). Furthermore, plantations and the remnant vegetation embedded within,
whether in patches or along drainage lines, provide habitat for fauna and flora
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(Gjerde and Sætersdal, 1997; Christian et al., 1998; Grabham et al., 2002a;
Lindenmayer and Hobbs, 2004), and facilitate dispersal and colonisation through
increased vegetation cover in the landscape (Lindenmayer and Hobbs, 2007).
The area of plantations has risen dramatically in countries such as Brazil,
which plans to plant 2.2 million ha of plantations on private properties and
abandoned agricultural lands (Barlow et al., 2007). In some European countries,
plantations make up a high proportion of the total forest area, in some cases
exceeding the extent of native forests (French et al., 2008).
Due to the projected expansion of the Australian plantation estate to 3
million ha by 2020 (DPIE, 1997), and the potential of planting for trade in
biodiversity credits, there is an urgent need to expand our knowledge of
plantations, and to understand the extent of their contribution to biodiversity
conservation.
The Australian Forestry Standard defines plantations as ‘Stands of trees of
native or exotic species, created by the regular placement of cuttings, seedlings or
seed selected for their wood-producing properties and managed intensively for
the purposes of future timber harvesting’ (Standards Australia, 2007). In this way,
plantations are comparable to agricultural crops, in that plantings are typically of
the same species, of the same cohort, with the imperative firmly placed on
maximising output and economic gain. As stated, the Australian plantation estate
is comprised of native and exotic species. Most of the native species are referred
to as hardwoods, a category dominated by eucalypts such as Blackbutt
(Eucalyptus pilularis), Flooded Gum (E. grandis), River Red Gum (E.
camaldulensis) and Tasmanian Blue Gum (E. globulus); softwoods are comprised
mostly of exotic species of the genus Pinus (e.g. Radiata/Monterey Pine, Pinus
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radiata) although the native Hoop pine (Araucaria Cunninghamii) is also
included in this category (ABARE-BRS, 2010). Hardwood accounts for 49% of
the national estate, and 10% of the world’s plantations, with more than 20 million
ha of plantation eucalypts occurring in almost 100 countries; softwood accounts
for 51% of the national estate, and approximately 20% of the world plantation
estate (Lindenmayer and Hobbs, 2007; Gavran and Parsons, 2008; ABARE-BRS,
2010)
The majority of State-owned plantations were established after full-site
clearing of native forests (Stanton, 1992; Florence, 2007). Due to growing
concern over the environmental damage of timber-harvesting in native forests,
and government initiatives to expand the timber industry, much of the recent
increase in planting has taken place on land not previously used for plantation
forestry, such as cleared pastoral land, as native forests are no longer converted to
plantations (NFI, 2004; ABARE-BRS, 2007).
In order to achieve the targeted expansion of the plantation estate, state
and local governments provide various support and incentives to encourage a
range of activities, including private investment for agribusiness, superannuation,
and carbon sequestration; farm forestry; and joint-venture agreements, where
government or private agencies establish plantations on private land and share the
profit with private landholders (Planning Plantations, 2009). New plantations are
currently expanding nationally by an average of 70,000 ha per annum (Forests
NSW, 2007), with hardwoods accounting for the majority of the plantings (88%
of new area planted in 2007; Gavran and Parsons, 2008). These plantations
provide economic benefit to local communities, produce much-needed timber
products, and have the potential to provide environmental benefits as well as ease
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the pressure of logging on native forests through production of a given output on a
smaller area of land in a shorter period of time (Stanton, 1992; Sedjo and Botkin,
1997).
The combination of the expanding plantation estate, increasing reliance on
plantation timber, and the potential role of plantations in biodiversity
conservation, demonstrates a clear need to further our understanding of the
plantation ecosystem. Although there have been a number of studies on the
species richness, composition and abundance of vertebrate fauna in various types
of plantations around the world (Christian et al., 1998; Hansson, 2000; Berg,
2002; Lindenmayer and Hobbs, 2007), more information is required on the
conservation value of industrial plantations established on cleared land, and the
life-history, or ecological parameters of the species inhabiting such plantations
(see Grabham et al., 2002a,b; Hobbs et al., 2003; Kavanagh et al., 2005). As some
research has suggested, presence of a species does not always reflect the quality of
its habitat. Through the selection of local cues such leafing phenology (Remeš,
2003) or habitat discontinuity (Gates and Gysel, 1978), animals sometimes
congregate in ‘ecological traps’, areas that appear to be suitable habitat but, in
fact, expose its inhabitants to greater levels of competition and mortality risks. In
order to qualify the value of plantations for native fauna, it is important not just to
ask “which species are present in plantations?” but, “how do fauna respond to
plantations?”, and ultimately – “can plantations sustain viable populations?”
Furthermore, since plantations have the potential to enhance the habitat value of
remnant vegetation, it is also important to ask “what is the extent of plantations’
influence on remnant vegetation, especially riparian vegetation that are known to
have higher productivity”?
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The aims of this study are 1) to undertake a comparative assessment of
habitat values through the investigation of avifauna richness, abundance and
composition in a variegated landscape comprising native forests, pastoral land and
young eucalypt plantations, and 2) to conduct an autecological study on two avian
species to compare usage of plantations to native forests, and to determine
whether plantations provide suitable habitat with the capacity to support viable
populations.
Birds were chosen as the target species for several simple but practical
reasons. Birds are easier to detect, identify and follow, in comparison to other
vertebrate groups. This, coupled with a wealth of research on avian ecology,
make birds ideal subjects for study. The two species chosen were representative of
a declining suite of small, ground-foraging insectivores; both are vocal and
responsive to playback, and are sedentary, holding small, all-purpose territories
throughout the year.
In order to provide a context for this study, I present a literature review on
biodiversity in plantations, including remnant and riparian vegetation embedded
within. I then synthesise the current research with my research on avian
assemblage, behaviour and territory use, and outline the specific aims of each
following chapter.

1.2 Literature review
Land-clearing for agriculture, urban development and timber-harvesting has been
identified as the primary cause of reduction and fragmentation of forest cover
world-wide. Globally, reduction and fragmentation of forest cover have caused
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local and regional declines in species richness and abundance. Dissection of
formerly continuous forests often results in the formation of small, isolated
remnants in matrices that are unfamiliar, sometimes hostile to the original biota.
Apart from decreased population levels due to loss of habitat, other adverse
effects of fragmentation include: lower probability of recolonisation due to
isolation, increased predation risks, and insufficient habitat area and complexity
for territory establishment (Donovan et al., 1995; Hames et al., 2001; Watson et
al., 2001; Giraudo et al., 2008). Species affected by fragmentation are therefore at
greater risk of stochastic extinction in the event of unforeseeable catastrophes.
Although volant species such as birds may be less affected, species-specific
impact may be severe, depending on the interplay between foraging requirements,
territory size, and the extent of habitat reduction and remnant isolation.
Australia is no exception to the global pattern. Over the more than 200
years of European settlement, as much as one-third of Australia’s native
vegetation in the intensively managed agricultural and urban zones has been
cleared or modified, reducing and fragmenting the area of forest cover (MIG,
2008). Less than 10% of many eucalypt forest groups remains unlogged, and in
some regions, less than 1% of the original forested area remains (North, 1996).
The resulting fragmentation and isolation of forest remnants is the greatest nonclimatic influence on the richness, abundance and composition of faunal,
particularly avian, communities (Ford et al., 2001; Sattler and Creighton, 2002).
Furthermore, changes in ecosystem processes, eucalypt dieback, and practices
such as firewood removal and grazing by sheep and cattle have further altered
remnant shape, area, and degree of isolation (Hobbs, 1993; Watson et al., 2003),
affecting resources such as food, shelter and nesting sites, hindering dispersal and
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recolonisation in inhospitable matrices, and exacerbating degradation of
remaining vegetation (Robinson and Traill, 1996; Ford et al., 2001; Hames et al.,
2001). The combined effects of habitat fragmentation and degradation have
caused significant decreases in local and regional populations of many native
fauna. Ground-nesting and foraging species are particularly vulnerable and
continue to decline after the initial loss of habitat (Saunders and Ingram, 1995;
Hayes and Samad, 1998; Renjifo, 2001; Martin and Possingham, 2005; Martin
and McIntyre, 2007).
The following sections will be focused on the effects of habitat
fragmentation and degradation on fauna in an agricultural and/or pastoral context.

1.2.1 Remnant configuration – size, shape, and degree of isolation
The presence and abundance of fauna in a fragmented landscape depends on a
multitude of habitat characteristics such as the size, shape, health and spatial
distribution of remnant patches, as well as the matrix in which they are situated.
Research in the Northern Territory has shown that the extent of fragmentation,
size of remnant patches, forest cover in the vicinity and connectivity to other
wooded areas, are all important variables that affect wildlife distribution (MIG,
2008). The interaction of these variables may compound the adverse effects of
habitat loss through fragmentation, or facilitate the formation of a metapopulation
across the landscape.
There is a positive correlation between patch size and habitat complexity
(Watson et al., 2001) in terms of canopy cover, shrub density, amount of litter and
ground cover etc, which in turn influences avifauna richness and abundance

7

within the patch (Ford and Barrett, 1995; Watson et al., 2000; Seddon et al.,
2003). Patch area thresholds for the persistence of the majority of a region’s
avifauna differ with the vegetation type of the study area, e.g. 6-20 ha on the
Northern Tableland of NSW (Barrett et al, 1994), 10-30 ha in fragmented forests
of southeastern Victoria (Loyn, 1987) and 10-20 ha in the wheat/sheep belt of
NSW (Seddon et al, 2003). Therefore, the conservation value of remnants of a
particular size differs from region to region.
The interior and edge of a patch are found to differ in biotic and abiotic
characteristics such as wind velocity, light level, temperature, weed invasion
(Saunders et al., 1991; Matlack, 1993; Murcia, 1995; Campi and Mac Nally,
2001; Weathers et al., 2001) and species assemblage of both flora and fauna (Grey
et al., 1997; Luck et al., 1999a; Campi and MacNally, 2001). Large remnants have
lower perimeter-to-area ratio relative to small remnants, and their biota are less
likely to suffer from adverse edge effects such as increased weed infestation and
greater occurrence of edge-associated competitors and predators (Luck et al.,
1999a, b; Manolis et al., 2002; Piper and Catterall, 2006).
Remnant shape also affects the extent of edge effects experienced by the
biota. The perimeter-to-area ratio is at a minimum when the remnant is circular in
shape, and increases as the perimeter becomes linear, or more irregular. Remnants
with higher perimeter-to-area ratio are associated with lower habitat quality, lower
survivorship and reproductive success, decreased recolonisation probability,
increased predation and parasitism, insufficient area for the formation of
territories, and lower population levels in comparison to continuous forests
(Hames et al., 2001; Seddon et al., 2003). In Australia, studies have found mean
species richness to increase with patch shape regularity (Watson et al., 2000), and
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shown obvious differences in avian density, age structure and reproductive output
between remnants of various shapes, and continuous forests. Resident bushlanddependent birds were least abundant in linear remnants compared to corridors
(linear habitat strips connecting larger habitat areas) and continuous bushland
(Bentley and Catterall, 1997). Major et al. (1999a) found significantly higher
average density of male red-capped robins (Petroica goodenovii) in large nonlinear remnants than in small linear remnants; on the other hand, there were
significantly more yearling birds (20% cf. 8%) in linear remnants than non-linear
remnants. The findings suggest increased adult mortality or emigration in small
linear remnants, possibly due to increased competition and predation, with vacant
territories filled by juveniles. The reproductive quality of white-browed babbler
(Pomatostomus superciliosus) habitat patches in the highly fragmented wheatbelt
of Western Australia was higher in circular than linear remnants, as circular
remnants contained a larger population, which is directly related to reproductive
success (Cale, 2003).
Spatial distribution of habitat patches is also an important consideration, as
a network of remnants may give rise to a metapopulation maintained through
immigration and emigration (Ims and Yoccoz, 1997). Degree of isolation is
negatively correlated with the rate of dispersal and recolonisation (Hames et al.,
2001; Cale, 2003); conversely, there is a positive correlation between presence of
birds and the number of nearby remnants (Seddon et al., 2003). Corridors that
provide linkage among remnants have the potential to mitigate the degree of
isolation. For example, in a landscape fragmented through clearing for agriculture
in parts of Northern Territory, 69% of the 75 species birds, mammals, frogs and
reptiles made use of corridors, while only 25% made use of modified land, (MIG,
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2008). Isolated remnants are more likely to become population ‘sinks’,
characterised by inadequate resources, lower reproductive output relative to adult
mortality, and dependence on immigration for the persistence of its population
(Dias, 1996). Sinks may be characterised as ‘leaky sinks’, in which there is some
dispersal back to source populations, and ‘black hole sinks’, in which there is no
contribution to the source population through back-dispersal; the latter habitats are
more likely to experience stochastic extinction (Dias, 1996), and may be
considered functionally extinct in the maintenance of a stable source-sink system
across the landscape.
The importance of the aforementioned remnant characteristics is illustrated
in a study by Watson et al., (2001), which used fragmentation-sensitive species as
focal species to identify the minimum patch size, habitat complexity and habitat
connectivity needed by the avifauna of northern Australian Capital Territory. In
order to support 95% of the region’s avifauna, a network of remnant patches at
least 10 ha in size, with good ground cover and less than 1.5 km to the nearest
remnant, would be required.
Large remnants in close proximity to other remnants or continuous
vegetation have greater habitat value than small, isolated remnants. Conservation
measures should aim to protect networks of large remnants, and if possible,
augment small or linear remnant patches to increase size and shape regularity, and
improve connectivity of isolated patches through the establishment of corridors
among patches.
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1.2.2 Riparian corridors
Riparian land, as defined by the Australian Terrestrial Biodiversity Assessment
(Sattler and Creighton, 2002), is any land that adjoins, directly influences, or is
influenced by a body of water. It can include the land and associated flora and
fauna immediately alongside small creeks and rivers, billabongs and floodplains.
Riparian systems carry important functions, such as water filtration, streambank
protection and biodiversity conservation (Lunt et al., 2007). Riparian zones
including gullies are characterised by higher moisture and nutrient levels than
non-riparian areas, even in gullies without permanent water (Mac Nally et al.,
2000), and usually support higher species richness of fauna and flora, increased
structural complexity, and elevated productivity e.g. higher flower, fruit or
invertebrate densities (Bentley and Catterall, 1997; Woinarski et al., 2000; Allen
et al., 2006; Palmer and Bennett, 2006). Research on birds have shown that
riparian areas support higher species richness and abundance than non-riparian
areas, including representatives from all main foraging guilds; riparian areas can
also host distinct bird assemblages, often including less common species, to nonriparian areas (Bentley and Catterall, 1997; Woinarski et al., 2000; Catterall et al.,
2001; Palmer and Bennett, 2006). Bird abundance and richness has also been
found to increase with stream order (e.g. stream orders 5 and 6 compared to 1 and
2), and proximity to ephemeral streams (Eldridge, 2008).
Corridors are linear habitat strips that connect larger habitat areas, and are
usually more than three times as long as wide (Bentley and Catterall, 1997). Due
to the practice of retaining vegetation along river banks to prevent soil erosion and
to provide shade for cattle, many of the existing corridors in the Australian
landscape comprise riparian, or streamside vegetation, situated in a matrix of
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pasture. In a pastoral matrix, riparian corridors contain higher densities of forestdependent and forest-associated species than surrounding remnants (Bentley and
Catterall, 1997); are more likely to increase the number of aforementioned species
in surrounding remnants (Brontons and Herrando, 2001); are used preferentially
by adults, and enhances dispersal movement of juveniles (Haas, 1995; Machtản et
al., 1996). The value of riparian for biodiversity conservation is in disproportion
to their small land area; this, combined with their function in stabilising
streambank and alluvial terraces, distinguish these areas as a critical landscape
component. Thus, their protection and restoration should be encouraged and
prioritised where possible.
Several issues have been identified in the contribution of riparian corridors
to conservation. First, as riparian systems have a high edge to area ratio, they are
particularly susceptible to disturbances such as vegetation clearing or
modification and grazing and camping by livestock (Woinarski et al., 2000; Lunt
et al, 2007). Over 85% of the river length in Australia has undergone
environmental modification, including catchment disturbance, reduced riparian
vegetation, hydrological disturbance and increases in the load of suspended
sediments and nutrients (Sattler and Creighton, 2002). The extent of modification
is greatest in the eastern and southern parts of Australia. In 38% of subregions,
riparian zones were assessed as being in fair condition, where recovery will
require significant management investment; 31% of subregions were assessed as
degraded, where recovery is unlikely in the medium term. The condition of
riparian zones is declining over most parts of Australia (73% of bioregions
surveyed), and the most commonly listed threats associated with this decline are:
increased fragmentation, overgrazing leading to increased nutrient and sediment
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loads, feral animals, weed infestation, changed fire regimes, stream bank erosion,
siltation of stream bed, reduced water flow and water quality, with many of these
threats having a combined impact on riparian zones (Sattler and Creighton, 2002).
Clearing of trees and grazing have also been found to be the main determinants in
the shift of avian assemblage, through the removal or alteration of understorey
vegetation (Martin et al., 2006; Martin and McIntyre, 2007).
Second, riparian zones may be dominated by specific communities,
distinct from non-riparian areas (Catterall et al., 2001; Palmer and Bennett, 2006).
For example, Lindenmayer and Franklin (2003) reported that the cool temperate
rainforest found in riparian zones of the Victorian montane ash forests are
unsuitable foraging and breeding habitat for a range of species. Third, due to the
high edge-to-area ratio and degraded nature of most riparian corridors in a humanmodified landscape, their context, i.e. the type and structure of the surrounding
matrix can have a significant effect on the riparian habitat, through changes in
light level, temperature etc that affect the microclimate of the riparian zone, as
well as increased densities of potential predators and competitors in the form of
open-country species and introduced mammals (Bentley and Catterall, 1997;
Fisher and Goldney, 1997; Martin et al., 2006). Furthermore, according to central
place foraging theory, a circular territory is the optimal model for foraging
efficiency (Hegner, 1982); habitat linearity may also increase the energetic costs
of foraging, especially when birds are unable to utilise the surrounding matrix.
The inability to obtain enough resources from a narrow riparian habitat in a
hostile matrix may explain why, despite the large number of forest/woodland
species found in riparian corridors in grazing land (Fisher and Goldney, 1997),
breeding birds were often only found in bulges in corridors, while non-breeding
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migrants were found in narrower corridors (Arnold and Weeldenburg 1990;
Lynch and Saunders 1991).
To date, research on the effect of different matrices on the function of
riparian corridors as breeding habitat and/or as stepping stones for dispersal has
been lacking. For example, how would plantations compare to pasture in the
maintenance and enhancement of existing vegetation and faunal community
within riparian corridors? Studies have found extensive avifauna usage of wooded
fencerows both in pasture (Kinross, 2004) and within plantations (Christian,
1998); riparian corridors, with higher nutrient levels and productivity, should
provide even greater habitat value for a range of species.
There is a need for more research on riparian systems, their conservation
value, current condition or ability to withstand increased use. In particular, there is
a need to investigate the effect of different matrices on riparian corridors, and
determine the conservation value of riparian corridors within the matrices. There
is little knowledge of avian parameters and population viability in response to
riparian corridors of varying width within managed forest landscapes in Australia.
Martin et al. (2006) found that 80% of the bird species surveyed in riparian
buffers responded significantly to changes in riparian condition and landscape
context such as tree clearing, even though the riparian buffer is 50 m wide.
Further research in this area is warranted.
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1.2.3 Australian native forests – history and management issues
The definition of forest according to Australia’s National Forest Inventory is:
‘…an area, incorporating all living and non-living components, that is dominated
by trees having usually a single stem and a mature or potentially mature stand
height exceeding 2 metres and with existing or potential crown cover of
overstorey strata about equal to or greater than 20 per cent.’
Crown cover is the area of ground covered by tree canopies. All the area
within that line is counted as ‘canopy’, irrespective of gaps and overlaps.
Woodland forests are characterised by 20-50% crown cover; open forest by 5180% crown cover, and closed forest by 81-100% crown cover. Thus, the
definition of forest includes woodlands. Plantations, regardless of age, are also
defined as forests (ABARE-BRS, 2010).
Australia’s native forests total approximately 147.4 million ha. These
forests cover 19% of the continent, and comprise 4% of the world’s forests on 5%
of the world’s land area. Approximately 70% of Australia’s forest is on privately
managed land; the remaining forests can be found in nature conservation reserves
(23 million ha, 16% of national forest area), other Crown land (10.8 million ha,
7% of national forest area), and multiple-use forests, i.e. public forests where
timber production is permitted, which cover approximately 9.4 million ha, or 6%
of the national forest area (ABARE-BRS, 2010). Old-growth forests, which are
‘forest where the effects of disturbance are now negligible’, are of special interest
to the community for their aesthetic and conservation value; of the 23 million ha
of forest assessed for old-growth values, just over five million ha (22%) is
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classified as old-growth, and 75% are within nature conservation reserves.
Indigenous-managed land includes more than 21 million ha of forest, 13% of
Australia’s total forest area (MIG, 2008; ABARE-BRS, 2010).
Eucalypts dominate Australia’s native forest types (78%), followed by
acacias (7%) and melaleucas (5%; ABARE-BRS, 2010). Eucalyptus evolved from
ancestral myrtaceous stock, in conditions of nutrient-poor soils, and a drying
climate. Today, more than 1000 eucalypt species and forms cover all but the driest
parts of Australia. Eucalypt forests vary widely in species composition and
productivity, reflecting sensitive responses to environmental factors including soil
properties,

fire

frequency

and

intensity,

water

availability,

and

evapotranspirational stresses imposed by aspect and slope (Florence, 2007).
In 1803, just fifteen years after the First Fleet’s arrival, forest clearing on
the banks of the Hawkesbury River was already causing erosion and flood
damage. There were also no forestry regulations in place to ensure regeneration,
and government decree to stop the felling of valuable cedar trees had little effect.
The practice of land clearing for farming and settlements continued for much of
the nineteenth century, as populations increased and new colonies were
developed. Even though harvesting was a slow process, requiring axes and handoperated saws, forested areas were being cleared at such a rapid rate the
Government set aside the first areas of Crown Land to serve as timber reserves in
the early 1870s (Australia’s Forests, 2010a).
After federation in 1901, each state passed a Forest Act, and Forest
services were established in each state to be the custodians of forests on public
land, in charge of timber production activities (Australian Forests, 2010a). Forest
services were formed in most Australian states around 1920, after most of the

16

more accessible and valuable forests had been cleared for settlement and
agricultural or pastoral uses. Those areas that were difficult to clear were
incorporated into state forests for timber production (Lloyd et al., 2006).
Forestry management is exercised by state and territory governments, in
response to political, economic, scientific and social influences (Attiwell and
Adams, 2008). The areas of forest and plantation cover managed by the state and
territory governments are presented in Table 1. The New South Wales Forestry
Commission (Forests NSW) was established in 1916 (Somerville, 2005). It now
operates as a public trading enterprise within NSW Department of Primary
Industries (NSW DPI). Forestry NSW follows the objectives set out in the
Forestry Act 1916 (Forests NSW, 2009):
• conserve and utilise timber under its management to the best advantage of
the State;
• provide adequate supplies of timber for building, commercial, industrial,
agricultural, mining and domestic purposes;
• preserve and improve, in accordance with good forestry practice, the soil
resources and water catchment capabilities of lands under its management;
• encourage the use of timber derived from trees grown in the State;
• preserve the native flora, promote and encourage the use of State forests for
recreation, and conserve birds and animals, consistent with the use of State
forests for the purposes of forestry and of flora reserves;
• provide natural resource environmental services (whether within or outside
of New South Wales); and
• take all practical steps to ensure the preservation and enhancement of the
quality of the environment.
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Table 1 Native forest and plantation forest cover in Australia by state/
territory
Land area (‘000
ha)
ACT
Native forest
Plantation forest
NSW
Native forest
Plantation forest
Northern
Territory
Native forest
Plantation forest
Queensland
Native forest
Plantation forest
South Australia
Native forest
Plantation forest
Tasmania
Native forest
Plantation forest
Victoria
Native forest
Plantation forest
Western
Australia
Native forest
Plantation forest

% forest cover in
State or
Territory

% of national
total

123
8

52
3

<1
<1

26 208
383

33
<1

18
19

31 010
32

23
<1

21
2

52 582
256

30
<1

36
13

8855
183

9
0.2

6
9

3116
309

46
4

2
15

7 837
424

34
2

5
21

17 664
425

7
<1

12
21

*Data taken from Australia’s forests at a glance, 2010 (ABARE-BRS, 2010)

My study area on the mid-north coast of NSW reflects the history and
pattern of timber harvesting detailed above. Native forests in northeastern NSW
have been subjected to heavy and continuous logging practices throughout the 20th
century, and undisturbed forests are rare and mostly situated in areas difficult to
access. Timber harvesting of rosewood, red cedar, and hardwood began with the
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establishment of a penal colony in Port Macquarie in 1821. Free settlement
commenced in 1830, and land-clearing for dairying, cattle grazing and beef
production began along the more arable lands along the Hasting and Wilson
rivers. The first hardwood saw mills began operations in the early 1870s. Logging
was selective and low-intensity – trees were felled with large saws manned by two
workers on opposite sides of the tree, and felled trees were transported by oxdrawn carts. Logging intensity increased with advances in technology, and more
intensive logging of desired species (and removal of unwanted species)
commenced in the 1920s. Today, virtually all forests in the coastal area have been
harvested since operations began in the late 19th century (FCNSW, 1993).
Burgeoning awareness of the need for a global focus on issues concerning
the state of the environment and biodiversity led to the United Nations Conference
on the Environment and Development in Rio de Janeiro in June 1992, at which
Australia endorsed the Global Statement of Principles on Forests and signed a
number of conventions relating to Biological Diversity and Climate Change
(DAFF, 2009a). The National Forest Policy Statement (NFPS) was developed and
signed by the Australian Government and all mainland state and territory
governments in December 1992 and by the Tasmanian government in April 1995.
The Statement outlined policies to achieve the vision of the ecologically
sustainable management of Australia’s public and private forests, including
adoption of the policy to avoid or limit further clearing of public native forests for
non-forest use and plantation establishment (DAFF, 2009a).
One of the key outcomes of the NFPS was the Regional Forest
Agreements (RFAs), which are 20 year plans for the conservation and sustainable
management of Australia’s native forests, designed to determine forest
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management and allocation for different uses, based on scientific data and
consultation with diverse stakeholders (MIG, 2008). The RFAs aim to achieve a
comprehensive, adequate and representative reserve system conserving 15% of
the pre-1750 extent of all forest types, 60% of all existing old growth forest, 60%
of the existing distribution of each forest type if vulnerable, 90% of all existing
high quality wildness, and all remaining rare and endangered forest ecosystems.
The Commonwealth government and four State governments (New South Wales,
Victoria, Western Australia and Tasmania) signed ten RFAs between 1997 and
2001. Each of the RFAs include accreditation by the Commonwealth of the State
government’s ESFM (Ecologically Sustainable Forest Management) plans, based
on the recommendation of a scientific panel (Attiwell and Adams, 2008; DAFF,
2009a; ABARE-BRS, 2010).
New South Wales has RFAs which cover 15.1 million hectares of the
State; Victoria has five RFAs, which cover more than 13 million ha; Western
Australia’s RFA is incorporated under its Forest Management Plan 2004-2013,
and provides for 1.21 million ha of forest available for timber production in the
south-west region and 1.26 million in nature reserves. Tasmania’s RFA extends to
the whole state, and includes 1.5 million ha of State forest (Australia’s Forests,
2010b).
The National Forest Policy Statement (Commonwealth of Australia, 1995)
has as one of its objectives, the management of private forests “in an ecologically
sustainable manner and in close cooperation with public forest managers, to
complement the conservation and commercial objectives of public forests”.
However, widespread clearing on private land for agriculture was supported rather
than regulated for decades, and broad-scale land clearing and subsequent habitat
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fragmentation was cited as the single most significant threat to terrestrial
biodiversity in Australia, particularly in Queensland (McGrath, 2007), where the
rate of clearing averaged 450,000 ha p.a. between 1995 and 2005 (The Wilderness
Society, 2009). Major reforms led to the cessation of broad-scale clearing of
remnant vegetation in Queensland on 31 December, 2006. The State-wide average
clearing rate for the 2007–08 period was 123 000 ha/year (DERM, 2009).
Australia is a member of the Montreal Process Working Group, which was
formed in 1994, and has accepted the criteria developed by the Montreal Process
Working Group to characterise essential components of sustainable forest
management, including: 1) Conservation of biological diversity; 2) Maintenance
of productive capacity of forest ecosystems; 3) Maintenance of ecosystem health
and vitality; 4) Conservation and maintenance of soil and water resources; 5)
Maintenance of forest contribution to global carbon cycles; 6) Maintenance and
enhancement of long term multiple socio-economic benefits to meet the needs of
societies, and 7) Legal, institutional and economic framework for forest
conservation and sustainable management. A total of 44 indicators are used to
track progress across the seven criteria, and a State of the Forests Report is
produced every five years to evaluate progress towards sustainable management.
The latest report, Australia’s State of the Forest Report 2008, presents
information from 2001-02 to 2005-06 (MIG, 2008).

1.2.4 Timber harvesting in Australian native forests
Although plantations ease the timber production pressure on native forests, the
range of species grown in plantations is small compared to native forests, and
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timber from native forests are needed to meet certain requirements, e.g. highquality structural timbers, craftwood and specialised appearance products (DAFF,
2010).
In order to retain growing stock for future cutting, harvest methods such as
selective logging by diameter-limit control, in groups or single trees, were
implemented in the early decades of forest management (Florence, 2007). Trees
above a certain diameter were taken, and smaller individuals of commercial
species were retained for future harvest, while “over-mature” trees and trees
containing defects were removed (Lloyd et al., 2006). In more complex forests,
retention of large trees suppressed regeneration from seeds, and the cutting of
regeneration openings became a feature in the forest management regime,
particularly in the coastal forests of NSW through the 1950s and 1960s (Florence,
2007). As Eucalyptus forests more commonly occur in stands with mixtures of
two or more species, with sometimes as many as ten species within a few hectares
of forest, regeneration openings often failed to regenerate the desired species due
to differences in regeneration potential and ability on different sites, especially in
wet sclerophyll forests. Combined with other factors, such as a rapidly increasing
demand for wood due to economic expansion, and technological improvement
and availability of tools such as chainsaws and powerful tractors, the selection
logging system was replaced by clearfelling in many areas in the late 1950s,
particularly in forest ecosystems in the southern temperate, northern temperate
and boreal zones, such as the lowland wet eucalypt forests of Tasmania (Baker et
al., 2009). Concerns were raised over the clearfelling regime in the late 1960s, due
to a projected shortage of sawlogs, expensive site preparation and planting, as
well as aesthetic, environmental and conservation issues (Somerville, 2005).
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Various logging practices were trialled, some of which are still in use, e.g. gap
and shelterwood selective logging (Craig and Roberts, 2005). In NSW, the
Forestry Commission responded by formulating the Indigenous Forest Policy in
1976, and implemented policies such as the “fifty per cent canopy retention”
system for tropical rainforests (Somerville, 2005), and harvest systems to limit
clearfelling and promote the retention of quality trees through a range of size
classes (Florence, 2007). Logging in rainforests and along major streams ceased
in the mid 1980s. As of 2000, harvesting practices such as the Australian Group
Selection (canopy gaps < 50 m over no more than 22.5% of the logging area), or
Single Tree Selection (removal of individual trees maintaining a basal area of over
60%) have been in use (Lloyd et al., 2006). There are still ongoing trials of
alternative silvicultural practices (Hugget, 2000; Eldridge, 2008).
Despite the national and state policies formulated to promote sustainable
management of Australia’s forests, and the known impact of clearfelling on some
fauna (Williams et al., 2001; Craig and Roberts, 2005), clearfelling of public
forests, including old growth, still occurs in Tasmania (Bakers et al., 2009).
According to the 2005 Tasmanian Community Forest Agreement (DAFF, 2009b),
clearfelling of old growth on public land will be reduced to less than 20% by
2010, and clearing of native forest on private land will be phased out over the next
10 years.
Management considerations associated with native forests often require
tradeoffs and priority ranking to resolve direct conflicts. For example, managers
may want to improve the yield of forest products, conserve trees of good quality
and size for long term harvest, as well as maintain ecological processes and
structural and biological diversity. There are a myriad of management issues and
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application of management strategies often depend on site factors. Management
issues for site establishment and preparation include: capacity for regeneration –
the silvicultural history and existing stock condition of a site has to be assessed so
as not to create unnecessary expenses from failed regeneration, or additional
seeding where natural regeneration would suffice; assessment of need for fire –
which may facilitate regeneration of seeds and seedling growth, although efficacy
varies with area and forest type (e.g. good in dry sclerophyll forest, poor in wet
sclerophyll forest); assessment of need for mechanical disturbance – which may
be preferred over burning where there may be excessive development of fire
successional species, nutrient loss through burning, or insufficient fuel to burn
(Florence, 2007), and soil modification resulting in uniformity of soil surface and
reduced habitat and flora diversity (Aubin et al., 2008).
Management issues associated with growing and harvesting include
retention of an uneven age structure through repeated and partial harvest to
promote the development of different age classes; preserving quality stems with
good boles and growth potentials through a full range of sizes; maintaining age
and species diversity to ensure long-term sustainability of forest processes and
products to suit changing market preferences; maintaining biodiversity through
careful harvest regimes and amelioration of logging effects (Florence, 2007), and
retaining soil organic matter and/or supplying nutrients which are lost through
repeated harvesting, especially of short-rotation plantations of 10 years or less
(Mackensen

and

Fölster,

2000;

Corbeels

et

al.,

2005).

Management issues related to post-harvest regeneration include restocking to
specified standards, such as required stocking rate, and similarity in species
composition to harvested forests. All jurisdictions have standards for regenerating
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harvested forests, and further treatments such as infill planting are carried out if
regeneration does not meet standards e.g. due to impact from drought or wildfires
(MIG, 2008).
Both native forests and plantations are subjected to timber certification,
where forest operations found to conform to standard are issued a certificate that
verifies the legality and sustainability of the wood products. In Australia, the
planning and implementation of on-the-ground forestry operations are audited by
several private organisations against standards set by one of two existing
certification schemes: the Australian Forest Certification Scheme (AFCS) and the
Forest Stewardship Council (FSC). Both schemes identify and track certified
wood products through the supply chain, and issue chain of custody certificates to
assure customers that the product originate from legally harvested and sustainably
managed native forests and plantations. There are presently about 10.4 million ha
of certified forest in Australia (ABARE-BRS, 2010). In addition, codes of
practice, which specify safety regulations, sustainable yields, harvest method and
location, areas and trees that must be protected, and measures to be taken to
mitigate the effect of harvesting on soil properties and water quality, provide
further control over the sustainable operation of timber-harvesting. For example,
the Forest Practices Code of Forests NSW specifies two zones around drainage
feature protection areas: a five-metre zone located next to wetlands, rivers,
drainage lines and drainage depressions located in R4 soils, where no processing
or extraction machinery is allowed except when crossing this zone will cause less
environmental damage than using another route; and a buffer zone, an area of
modified harvesting if the top 200 mm of soil is dry enough to avoid erosion to
drainage feature (Forests NSW, 2005; MIG, 2008).
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Impacts of harvesting on the environment include a change in water yield
and quality, loss of long-lived, fire-sensitive understorey plants and less common
species of which little is known, significant reduction in trees with hollows, and
isolation of old-growth forest among young stands. Retained trees are often
damaged by debris-clearing fire, and those left standing have poor survival rates
(Lindenmayer and Franklin, 2003; Florence, 2007). Such impacts have negative
effects on fauna due to the loss of shelter and/or foraging resources.
Biodiversity conservation in multiple-use forests requires continuing
attention, as a total of 1,287 forest-dwelling species are listed as vulnerable,
endangered or threatened under the Environment Protection and Biodiversity
Conservation Act 1999 (Commonwealth). Comprehensive ecological information
is only available on at about 10% of mammal, bird and amphibian species; partial
ecological information is available on around 60% of known forest-dwelling
vertebrate and vascular plant species, and very limited information is available on
forest-dwelling invertebrates, fungi, algae and lichens (MIG, 2008).
Development of the vegetation community, whether structural (which
affects insectivores), or floristic (frugivores/nectarivores), is the key factor that
controls the composition of bird communities. Early successional forests,
characterised by comparatively low understorey cover, plant diversity and species
richness than undisturbed forests, support more open-country and/or edge species.
The number of shrub-feeders increases as the forest matures (Armstrong and
Nichols, 2000; Fisher, 2001). Kavanagh and Stanton (2003) found that recovery
after clearfelling is most rapid in the first 3-7 years, with 78% of birds recorded 4
years after harvesting (cf. 22 years after), and other studies have found that many
common birds return to harvested forest after 6-10 years (Loyn 1985; Armstrong
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and Nichols, 2000). However, recovery will take longer for bark-gleaning and
hollow-nesting species, as it takes many tree species several generations to
develop the full range of structural diversity, i.e. trees in various stages of decay
and large stags etc present in old growth forests (North, 1996; Wormington et al.,
2003). Logging also affects species that require large territories in continuous
forests (e.g. barking owl, Ninox connivens; ~2000 ha), and threatened species such
as the eastern pygmy possum Cercartetus nanus (Eldridge, 2008). Some species
require a mosaic of growth stages for their survival; for example, the endangered
Leadbeater’s possum (Gymnobelideus leadbeateri) requires one growth stage for
nesting and another for feeding (MIG, 2008). Clearly, the management of native
forests for timber resources is an important issue for biodiversity conservation.
Easing harvesting pressure on native forests may assist in the preservation of
valuable habitat, especially for vulnerable, long-lived species, species with limited
mobility and dispersal capability, and species requiring specific habitat
characteristics such as hollows.

1.2.5 Australia’s plantation estate
The Australian Forestry Standard defines plantations as ‘Stands of trees of
native or exotic species, created by the regular placement of cuttings, seedlings or
seed selected for their wood-producing properties and managed intensively for
the purposes of future timber harvesting’ (Standards Australia, 2007). Most of the
native species are referred to as hardwoods, a category dominated by eucalypts
such as Blackbutt (E. pilularis), Flooded Gum (E. grandis), River Red Gum (E.
camaldulensis) and Tasmanian Blue Gum (E. globulus); softwoods are comprised
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mostly of exotic species of the genus Pinus (e.g. Radiata/Monterey Pine, Pinus
radiata) although the native Hoop pine (Araucaria Cunninghamii) is also
included in this category (ABARE-BRS, 2010). Hardwood accounts for 49% of
the national estate, and 10% of the world’s plantations, with more than 20 million
ha of plantation eucalypts occurring in almost 100 countries; softwood accounts
for 51% of the national estate, and approximately 20% of the world plantation
estate (Lindenmayer and Hobbs, 2007; Gavran and Parsons, 2008; ABARE-BRS,
2010). Forests NSW manage the largest plantation estate in Australia. Western
Australia and Victoria have the largest areas of plantations, as the Victorian and
Tasmania governments have sold plantations to private investors (Fig. 1). Private
ownership has increased from approximately 30% in 1990 to about 62% in 2009,
and 92% of all new plantations established in 2007 are privately owned (Gavran
and Parsons, 2008; ABARE-BRS, 2010). On the other hand, public plantations
make up approximately 33% of the national estate, and about 5% is jointly owned
(ABARE-BRS, 2010).

Fig.1 Plantation area by species group and jurisdiction 2009 (taken from
Australia’s forests at a glance, 2010; ABARE-BRS, 2010)
28

The Australian forest and wood products industry is the second largest
manufacturing industry in Australia, with an annual turnover of more than $23
billion (ABARE-BRS, 2010). The primary purpose of plantation forestry is wood
production. Of the approximately 27 million m3 of wood produced from native
forests and plantations in Australia in 2006-7, plantations accounted for 69%:
15% (4 million m3) from hardwood plantations and 54% (14.5 million m3) from
softwood plantations (Forests NSW, 2007). Plantations provide 75% of sawlogs in
Australia, on 1.3% of the forest area, and all timber production in South Australia
comes from plantations. In the five years to 2006–07, the volume of logs
harvested from plantations increased by 28% while the volume of logs harvested
from native forests declined by 14% (MIG, 2008). The hardwood sector has
grown rapidly; the volume harvested over the five years to 2009 has increased by
almost 150% (ABARE-BRS, 2010). As hardwood plantations mature, wood
production is expected to increase to more than 14 million m3 per year from 2010
(MIG, 2008). Less than 1% of native forests are harvested annually, providing
31% (8.5 million m3) of wood in 2006-7. Major products include paper, paper
products, round wood, saw and veneer logs, wood panels and woodchips
(ABARE, 2008).
The industry has grown rapidly with the expanding wood and fibre
markets of the Asia-Pacific region. Plantation establishment began in the 1870s.
By the 1960s, there were only 200,000 ha of plantations, most of which were
introduced pine. The current estate is approximately 2 million ha; 990,000 ha of
hardwood, and 1.02 million ha of softwood (ABARE-BRS, 2010). There is a
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notional target of 3 million ha by 2020 in order to satisfy domestic demands and
generate trade surplus (DPIE, 1997).
Plantation forestry began in 1872, when State forest nurseries were
established and a number of exotic tree species were trialled at small plantations.
These included Monterey or Radiata Pine (P. radiata) in south-east Australia,
Maritime Pine (P. pinaster) on the coastal dunes of Western Australia, Cuban and
Slash Pines (P. carribaea and P. elliottii) and indigenous Hoop Pine (Araucaria
cunninghamii) in the humid coastal regions of southern Queensland and northern
New South Wales. Plantation growth was most evident in South Australia. From
1926, South Australia was able to secure funds from the Overseas Settlement
scheme to plant 2,000 hectares a year for a decade. By 1939 it had built up an
estate of 37,000 hectares and had over 40% of the plantations in Australia
(Australia’s Forests, 2010b).
Genetic improvements of pines started in the 1930s, with substantial gains
in volume productivity and stem form, and concomitant reduction in rotation
length (e.g. volume gains of over 30% and reduced rotation length from 40-45
years to 27-30 years for P. radiata; Nambiar and Ferguson, 2005). Plantations,
especially exotic pine plantations, developed rapidly between 1950 and 1980 as a
result of government investment in softwood plantations; in fact, most the
plantations established before the 1990s were pines and other softwood grown for
sawn timber (MIG, 2008). The 1967 and 1972 Australian Softwood Forestry
Agreement Acts had the aim of planting 1.25 million ha of pines by the year 2000,
accompanied by substantial incentives (Mercer and Underwood, 2002), such as
deferred-repayment, low-interest loans to the States (Australia’s Forests, 2010b).
This also encouraged private investment in plantations, and increased production
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in softwood plantations from 15% of the country's sawlogs in the 1960s to 64%
by 2000. However, the total area of softwood plantations has not changed much
from the level in 1990, and currently makes up 51% of the national estate
(ABARE-BRS, 2010). Pine plantations are thinned to remove weak or poorlyshaped trees, and harvested after 25 to 35 years, when the trees are of optimum
size to produce a wide range of timber products. Softwoods provide 55% of the
plantation pulp log supply and 98% of sawlogs (MIG, 2008; Australia’s Forests,
2010c).
Extensive clearing and replacement of native forests with exotic softwoods
occurred over several decades, and raised concerns for the displaced biota from
the late 1960s. Most studies have found relatively depauperate faunal assemblages
in exotic plantations compared to native forests; species richness and density were
reduced, and some species were absent (Disney and Stokes, 1976; Magura et al.,
2000; van Wesenbeeck et al., 2003; Parris and Lindenmayer, 2004; Rishworth et
al., 1995). Particular suites of vertebrates, such as hollow-nesters, arboreal
marsupials, as well as nectarivorous, frugivorous, foliage-gleaning and canopyfeeding birds were more affected than others due to a lack of nesting and foraging
sites (Clout and Gaze, 1984; Lindenmayer and Hobbs, 2007). Detailed research on
reptiles, amphibians and fish are lacking. Apart from reducing biodiversity, pine
monocultures have also been found to invade native vegetation communities
(Williams and Wardle, 2005), and degrade soil conditions, with implications for
soil fauna and the long-term productivity of the area. Research on pines in southeastern Australia showed that, while first plantings produced good crops,
subsequent plantings experienced a decline in condition due to rapid soil
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deterioration and an ever-increasing need for more fertilisers (Mercer and
Underwood, 2002).
The National Forest Policy Statement 1992 lists the expansion of
Australia’s commercial softwood and hardwood plantations – for industry,
rehabilitation of cleared land and improvement of water quality – as one of its
eleven national goals (DAFF, 2009a). Investment in plantation expansion
increased from 2002 to 2006, totalling an estimated $902 million (MIG, 2008).
Due to concerns with the impact of pine plantations, and improvement in the stock
of eucalypt species, the Australian plantation estate has expanded in the hardwood
sector while softwood establishment remains steady. In 1992, there were only
100,000 ha of eucalypt plantations in Australia (Stanton, 1992); the total
hardwood estate is approximately 991,000 ha today (ABARE-BRS, 2010). In the
last 15 years, the hardwood estate has risen from 15% of the total national estate
to over 49% today (ABARE-BRS, 2010). Of the new plantations established in
2006-07, 88% were eucalypt plantations, presenting a 92% increase in area to that
planted 10 years ago, and 55% increase to the area planted 5 years ago (ABARE,
2008). Hardwood plantations have increased rapidly due to private investment,
managed for woodchips on 10-15 year rotations, with a small proportion managed
for sawlog production (ABARE-BRS, 2010). The value of Australia’s forest
product export was $2.5 billion in 2007-8, largely due to sustained growth in
hardwood plantation woodchip exports.
New plantations are defined as those established on land not previously
used for plantation forestry, including cleared agricultural and pastoral land. New
plantation establishment averaged 70,000 ha/annum in each of the five years to
2009 (ABARE-BRS, 2010), and most of the increase was in the hardwood sector,
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especially short-rotation hardwoods established for pulpwood (Barbour et al.,
2008), although the rate of expansion is expected to decrease. New plantings of
hardwoods have shown a steady rising trend – from a 15% increase in 1994, to
39% in 2002 (NPI, 2004), and 38% from 2002-2006 (ABARE, 2008). Hardwood
plantations are primarily comprised of fast-growing eucalypt species. Although a
proportion has been established to produce sawn timber and other solid wood
products (thinned two or three times over 40 to 50 years), most timber will be
harvested after 10-15 years for pulpwood, with an estimated 97% of hardwood
plantations to be grown for pulpwood by 2039 (Attiwell and Adams, 2008;
ABARE-BRS, 2007; Gavran and Parsons, 2008; Australia’s Forests, 2009c).
The primary responsibility of public forest (and plantation) management
lies with state and territory governments, and all jurisdictions have legislation and
codes of practice designed to ensure the conservation and sustainable management
of forests. In New South Wales, Tasmania and Victoria, codes of practice are
prescribed in legislation and cover public and private native forests, and plantation
forests. In the Australian Capital Territory, Queensland and Western Australia, the
codes are prescribed at the agency level (MIG, 2008).
In New South Wales, the relevant legislation for plantation management is
Plantations and Reafforestation (Code) Regulation 2001 that came into effect
under the Plantations and Reafforestation Act 1999. The code sets out regulations
concerning plantation management, including the number of habitat trees to be
retained (at least one native habitat tree per ha; if there are less than 30 native
habitat trees on any given 30 ha of plantations, all those trees must be retained);
limits on clearing patches of woody remnants (10% of the remaining area), and
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the width of buffer zones around drainage features (any river in a plantation must
have a buffer zone at least 20 metres wide on either side of its edge).
This study took place on the mid-north coast of NSW, which is under the
management of Forests NSW, a public trading enterprise in charge of more than 3
million ha of public native forest and the estate of softwood and hardwood
plantations in NSW. Plantations in NSW account for 19% of the national
plantation estate, the majority of which are softwood plantations, which make up
28% of the national estate, while hardwood plantations make up 8% of the
national estate (Gavran and Parsons, 2008). Almost all of the existing areas of
semi-natural plantations were established on native forest sites which were
logged, cleared, and then burnt before planting, especially in moist areas where
grasses, shrubs and vines grow rapidly (Stanton, 1992). The first planting took
place in 1939, and from the late 1950s the rate of planting increased from around
200 ha/p.a. to almost 3000 ha/p.a. in 1972 and 1973, then sharply curtailed in
1974 due to market contraction. Most were planted between 1960 and 1980, as
mid 1960s was the start of plentiful tractor power and the development of jiffy pot
(peat-moss pot) eucalypt planting stock (Stanton, 1992). A new initiative to
establish plantations on cleared land began in 1997, although this has now ceased.
To satisfy the dual objective of producing good quality timber at the
maximum growth rate, most plantations are situated at an elevation of less than
100 m on the northern coastal fringe of NSW, in the summer rainfall area. The
mean annual rainfall for plantation areas ranges from 900 to 2400 mm per year,
with the vast majority receiving between 1,100 and 1,700 mm per year (FCNSW,
1993).
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1.3 The role and contribution of plantations
Planted forests comprise an estimated 140 million hectares, or 3.8%, of the
world’s total forest area, encompassing both plantation forests and planted seminatural forests (FAO, 2006). Productive plantations, established for wood and
fibre production, account for 78% of plantation forests, while protective
plantations, planted for conservation of soil and water, make up 22%. The area of
plantation forests increased at an average of 2.8 million ha/year during 20002005, primarily in productive plantations (FAO, 2006); both plantation types are
increasing steadily in all regions except Africa (FAO, 2007), especially in the
tropics, where plantations of Eucalyptus spp. have grown dramatically (Barlow et
al., 2007). Despite occupying a small area relative to the total land area (< 5% of
the world’s forest cover), plantation forests contribute to almost 50% of global
wood productions (Aubin et al., 2008; FAO, 2007). According to calculations by
Sedjo and Botkin (1997), plantations could provide most of the world’s fibre
demands on less than 10% of the world’s forest area, indicating the potential of
industrial plantations to relieve pressure on native, especially tropical forests.
Growing awareness and recognition of the value of native forests for
maintaining natural ecological processes and conserving biodiversity has driven a
move towards an agronomic model of intensive wood fibre production on new
lands, particularly areas that have been cleared for agriculture or grazing. Such a
move has the potential to ease demand on native forests. New Zealand, for
example, took state-owned native forests off the timber market in 1993, and
indigenous timber may only be harvested with single or small group selection
methods on private land, so as to maintain continuous forest cover and ecological
balance (MAF, 2009). Such a policy addresses concerns that plantations
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contribute to the loss of native forests rather than allowing them to be taken out of
production, and that they occupy sites with superior soil and drainage relative to
surrounding areas, thus impacting negatively on species restricted to certain
habitat conditions (Hartley, 2002).
An intensive, agronomic model of wood fibre production entails the
establishment of monocultural, even-aged fields of trees that may be genetically
engineered to increase their productivity and fitness; rotations are shortened to 2-3
decades or less so as to reduce the investment cycle (Lindenmayer and Franklin,
2003). The move towards intensive, industrial plantations can be attributed to
several factors.

•

Social and political pressure to preserve old-growth forests (Mercer and
Underwood, 2002). The United Nation has developed a collaborative payand-reserve program – Reduced Emissions from Deforestation and
Degradation (REDD), in which developed nations pay to keep the forests
of developing countries standing (FAO, 2010).

•

Plantation forests generally produce more wood volume per unit area (e.g.
75% Australia’s plantation sawlogs are produced on 1.5% of land), and
facilitate better control of stocking rate, species composition, monitoring
and regulation of growing stock (Florence, 2007). The proportion of
plantations restocked effectively is usually close to 100% (MIG, 2008).
Planted stands are not subject to the more stringent harvest methods
applied to native forests for conserving genetic resources; more efficient
use of machines in subsequent thinning and harvesting operations
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increases efficiency and lowers operating costs (Florence, 2007).
Economic efficiency in production has led to a 17-fold increase in
eucalypt plantations established for the pulpwood industry in Brazil since
1980 (Barlow et al., 2007).

•

Improvements in technology, silvicultural management strategies, genetic
selection or hybridisation have increased plantation yields; continued
improvements of wood quality, yield and disease resistance are expected
in the future. In parts of Australia, plantations yield up to 14 times more
wood per ha than native forests (DAFF, 2008).

•

Government initiative to expand the Australian plantation estate, from 2
million ha today to 3 million ha by 2020 (DPIE, 1997; ABARE-BRS,
2010). Plantations may contribute to landscape connectivity by buffering
edges between forests and non-forest matrices, and increase connectivity
between patches in a variegated landscape. Where plantations are located
and how they are managed will have strong impacts on the biota.

•

Continuing trade deficit in timber products despite increased timber
production. The cost of imported wood products (mainly paper and paper
products) is higher than the export value (mainly woodships), resulting in
a significant trade deficit of approximately $2 billion per year (Attiwell
and Adams, 2008).

37

•

Contribution to reduction of

greenhouse gases through carbon

sequestration (see Section 1.3.2 for more detail)

•

Need to be ecologically sustainable and meet societal requirements for
diverse goods and services (e.g. water quality, recreation, aesthetics etc) in
addition to wood products; maintenance of biota is also relevant for
certification of ecological standards developed by bodies such as the
Forest Stewardship Council.

•

Positive social implications – more than 120,000 people are employed in
industries dependent on growing and using timber across the nation,
undertaking activities in planting, maintaining, harvesting and processing
in regional areas (ABARE-BRS, 2010). Around 80% of the hardwood
plantations established in Australia is on private land; most new plantings
are also on private pastoral land leased to forestry companies by the
hectare (Mercer and Underwood, 2002). Such agreements have allowed
farmers to remain on their land and diversity their source of income.

1.3.1 Plantation and biodiversity conservation
Some species can be conserved in plantation-dominated landscapes through
modifications to forest management without significant effect on fibre production;
this is especially important in areas where the native forest type has been largely
replaced by plantations, some of which may be poorly represented in reserve
systems (Lindenmayer and Hobbs, 2007). Incorporation of biodiversity
conservation within plantation management objectives is paramount as organisms
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may experience geographic shifts in home range over time due to climate change;
forest communities may disappear, and animals are likely to migrate to tolerable
locations that lie outside current reserves (Lindenmayer and Franklin, 2003).
Studies have shown that native plantations should be favoured over exotic
plantations as they usually support more species and individuals (Farwig et al.,
2008; Paritsis and Aizen, 2008), and are less likely to cause a negative impact on
contiguous vegetation communities (Fonseca et al., 2009).
Most research on the relationship between plantations and avifauna have
been conducted in North America, primarily on the differences in parameters such
as density, species richness, population structure and predation levels between
different silvicultural treatments, such as thinning and harvesting (Darveau, 1997;
Barber et al., 2001; Duguay et al., 2001; Artman, 2003; Doyon et al., 2005). These
findings can sometimes be contradictory due to differences in scale, species, type
(semi-natural or industrial) and age of the plantation studied. However, there are a
few common findings for studies based on the species richness, density, and
composition of birds:

1. Species richness and abundance are positively correlated with tree age,
structural complexity, and floristic diversity (Patterson et al., 1995; Donald
et al, 1998; Rotenberg, 2007; Luck and Korodaj, 2008).

2. The bird community is influenced by the surrounding landscape and/or
composition. E.g. more forest species occurred on plantations adjacent to
forests (Christian et al., 1998; Berg, 2002; Barlow et al., 2007; Fonseca et
al., 2009).
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3. Plantations provide more favourable habitat than agricultural land, but are
poorer in habitat value when compared to natural or semi-natural forest
(Christian et al., 1998; Berg, 2002; Hansson, 2000; Zurita et al., 2006;
Barlow et al., 2007; Rotenberg, 2007).

4. Avian species composition in plantations is a mixture of forest species,
open-country species, and generally abundant, wide-ranging generalists
(Christian et al, 1998; Zurita et al., 2006; Farwig et al., 2008).

5. Plantations of native trees support more species and individuals than
plantations of exotic trees (Farwig et al., 2008; Paritsis and Aizen, 2008).

Plantations, whether native or exotic, are not all biological deserts. More
than 60% of species that inhabit the Araucaria Forest in Brazil are found in
ecologically-managed pine or eucalypt monocultural plantations (Fonseca et al.,
2009), and a large proportion of forest avifauna may be found in forest remnants
embedded within plantations (Wethered and Lawes, 2003; Tomasevic and
Estades, 2008).
Within Australia, much of plantation research has been focused on Pinus
radiata (Radiata or Monterey Pine) plantations due to their dominance of the
Australian plantation estate. Pure stands of pine plantations show a strong contrast
in species richness and assemblage to continous eucalypt forest. The majority of
studies, conducted on birds, small mammals and invertebrates, have found lower
species diversity and abundance in pine plantations compared to native forests
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(Lindenmayer and Hobbs, 2007). For example, avifauna diversity and richness
were found to decline with increasing distance into pine plantations (Curry, 1991).
Avifauna groups including hollow-nesters, nectarivores, granivores, barkprobers/searchers and the foliage-gleaning taxa were detected significantly more
often in eucalypt forest than pine sites (Lindenmayer and Hobbs, 2007). Parris and
Lindenmayer (2004) reported that only two of eight surveyed frog species were
recorded in P. radiata plantations, fewer than remnant eucalypt patches embedded
within the plantation, and contiguous native forest; and Lindenmayer et al.
(1999b) could not detect enough arboreal marsupials in pure P. radiata sites to
allow for comparison with other habitat types. Resources such as pollen, nectar,
seeds, fruit, funghi, foliage, saps, gums and litter invertebrates associated with
eucalypt forest are generally rare or absent from pine plantations, which impacts
adversely on specialist eucalyptus folivores such as the greater glider (Petauroides
volans), species with a large home range, such as the yellow-bellied glider
(Petaurus australis), which has a home range of up to 60 ha. The only species to
occur more than once in pine sites was the common ringtail possum
(Pseudocheirus peregrinus), which could eat pine needles and use them to make
dreys.
The perception of the permeability, habitat quality and degree of
fragmentation of a variegated landscape is species-specific, and pine plantations
provide some habitat value to some species. For example, while many species
were found significantly less frequently in pine plantations, including common
brushtail possums (Trichosurus vulpecula), brown antechinus (Antechinus
stuartii) and bush rat (Rattus fuscipes), some species do not show landscape
context, i.e. are detected at similar rates in pine plantations, the eucalypt remnants
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embedded within, and contiguous native forest e.g. swamp wallaby (Wallabia
bicolor) and the common wombat (Vombatus ursinus) (Lindenmayer et al.,
1999a). Similarly, a large-scale study of 100,000 ha of a P. radiata plantation near
Tumut, NSW found an average of 17 species in pure pine stands compared to 21
in eucalypt remnants, and 23 in continuous eucalypt forest (Lindenmayer et al.,
2002). Although pine sites harboured fewer species, avifauna in the same
landscape revealed a continuum of responese (Lindenmayer et al., 2003); 15
species were generalists, found in all habitat types in similar frequencies, 7
species were ‘pine-increasers’, 19 species were ‘intermediate’, i.e., found
primarily in eucalypts but occasionally in pines, while 21 species were classified
as ‘sensitive’, detected substantially less frequently in pine stands than in eucalypt
forest. Pine plantations also facilitate movement and dispersal across the
landscape, e.g. the greater glider, which require multiple den trees, usually the
largest and the oldest trees, have been found to persist in eucalypt remnants
surrounded by radiata pine (Lindenmayer et al., 2004), and to disperse 1 to 7 km
between eucalypt remnants through a matrix of pine plantations (Pope et al.,
2004).
The degree to which P. radiata sites can support wildlife depends on
factors such as the presence and proximity to native vegetation, including eucalypt
remnants. More than 100 native bird species and numerous frogs and reptiles were
recorded in a pine plantation-eucalypt remnant mosaic, with the remnants
retaining most of the original biota, albeit in lower numbers (O’Neill, 2004).
Lindenmayer et al. (2002) found significantly greater bird diversity in pine sites
near eucalypt remnants compared to more isolated sites. The larger the remnant,
the close the species assemblage to continuous eucalypt forest, presumably due to
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greater resource availability; conversely, bird assemblage in smaller remnants
were closer to the assemblage found in pine sites.
Aside from retention of remnants, increased structural and floristic
diversity in pine plantations also has a positive effect on species presence and
abundance. Thinning of pines, which promotes understorey growth, has been
found to increase bird diversity; windrows of woody debris and regenerated
vegetation have also been found to support small ground mammals, increase
avifauna diversity and abundance, and provide habitat for invertebrates in pine
stands (Davidson, 1976; Watson, 1998; Curry, 1991; Lindenmayer et al., 1999a,b;
Bonham et al., 2002; Luck and Korodaj, 2008); some small mammals may not be
able to persist in second rotation pine plantations without the presence of
windrows (Lindenmayer and Hobbs, 2007). In response to these findings, South
Australia’s Forestry Commission is currently planting corridors of native
vegetation in strategic locations as pine plantations are harvested; the corridors
incoporate elements such as: dense understorey, linked tree canopy, presence of
hollows, logs, rocks and leaf litter etc, so as to provide resources for target species
(MIG, 2008).
In comparison to research in pine plantations, studies in eucalypt
plantations are less extensive and recent, in line with the rapid increase of
eucalypt plantations in the last 15 years. However, almost all research undertaken
in both pine and eucalypt plantations have highlighted the importance of
landscape heterogeneity, stand structural complexity and floristic composition for
fauna conservation (Lindenmayer and Hobbs, 2007). Similar to research on pine
plantations, the habitat value of eucalypt plantations has been shown by most
studies to be intermediate to that of native forests and cleared pastoral land,
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although eucalypt plantations have been found to provide habitat for declining
woodland-dependent species (Hobbs et al., 2003; Kavanagh et al., 2007). A study
by Grabham et al. (2002a) on young blue gum plantations demonstrated that the
majority of species were found in remnant vegetation within the plantation,
followed by hardwood plantation and edge areas between plantation and
pastureland; fewest species were found in pastureland - three times less than in
remnant vegetation. The number of individuals recorded in plantation and edge
areas also exceeded pastureland by at least 30%, sometimes 200% (Grabham et
al., 2002b). The positive effect of adjancy to native trees has also been illustrated
in eucalypt plantations. For example, Grabham et al. (2002b) reported
significantly higher species richness and abundance in the immediate area around
remnant trees (26 species) than locations 60-90 m away (11 species). Retained
small remnants or single old growth trees in eucalypt plantations provide some
microhabitat heterogeneity; they offer a range of foraging, sheltering and breeding
habitat generally absent from plantations, resulting in an increase in species
richness (Loyn et al., 2007). Kavanagh and Turner (1994) found greater avifauna
richness and numbers in 10-16 year old eucalypt plantations with retained trees,
compared with even-aged eucalypt plantation or selectively logged regrowth
forest. Koch et al. (2009) also found a large number of bird species, including
hollow-nester, using trees retained in young (<3 years old) plantations in
Tasmania. Retaining legacies such as remnants and single-standing trees is
paramount to conservation in a production landscape.
In summary, the size of remnant patches of eucalypt forest retained within
both pine and eucalypt plantations is correlated to species richness, abundance and
composition, with larger patches supporting more species, more individuals, and
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closer assemblage to continuous eucalypt forest. Smaller patches and single trees
are still of conservation value, as some edge-associated species or habitat
generalists appear to prefer a patchy distribution of eucalypt forests rather than
large, consolidated eucalypt cover (Lindenmayer and Hobbs, 2007). Variables
associated with remnant vegetation, such as shape and location, can also affect
species presence and abundance. As mentioned in Section 1.2.2., remnants in
drainage areas are often more species-rich due to higher productivity; conversely,
the fauna of linear remnants in non-riparian areas may suffer from adverse edge
effects associated with high edge-to-area ratio, if remnant size does not meet the
core area and energy requirement of the species (Lindenmayer and Hobbs, 2007).
Studies in both pine and eucalypt plantations have also revealed increases
in vertebrate species richness and diversity with stand age, attributed to increasing
structural diversity with age (Kavanagh et al., 2007; Lindenmayer and Hobbs,
2007). Munro et al. (2009a) found that restoration plantings with greater
complexity were closer in bird composition to remnant forest than simple, low
complexity planting, but simple plantings become more similar in bird guilds to
selectively logged eucalypt forest over time. It is important to note that species
richness does not show a linear relationship with time since reafforestation. The
influx of early colonisers such as open-country species boost species richness in
newly established stands, and richness declines with canopy closure; species
richness may increase again with stand maturation, or thinning, which promotes
the growth of understorey vegetation (Lindenmayer and Hobbs, 2007). Therefore,
although some studies have found that many common birds, and some declining
and uncommon species, can recolonise revegetation within 10 years, guilds
associated with greater structural and floristic diversity, such as the bark foragers,
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frugivores, necatarivores and granivores, may be uncommon or absent in simple
plantings (Munro et al., 2009a), and unable to colonise plantations until their
habitat and dietary requirements can be met. A study by Munro et al. (2009b)
showed that restoration plantings with the aim of maximising floristic and
structural diversity did not attain the same ground layer floristic diversity as
continous forest, even after 30-40 years. Even-aged plantations, particulary those
with little or no remnant vegetation, are unlikely to support many taxa during the
short rotation.
Research has shown that the presence and abundance of birds can actually
be misleading indicators of habitat quality, as habitat modification may have led
to the decoupling between small-scale, proximate cues used to detect suitable
habitat (e.g. tree species and phenology), and the actual quality of the habitat.
Colonisation of ‘sink’ habitat by birds has been reported by Easton and Martin
(2002), who found that the dusky flycatcher (Empidonax oberholseri) established
nests in scarce patches of native forest in plantations treated with herbicide and
thinning, resulting in poor reproductive success from unmet nesting and foraging
requirements. Similarly, blackcaps (Sylvia atricapilla) which preferentially settled
in an exotic plantation due to early leafing, reached twice the density to that
observed in a nearby forest, but had significantly lower nesting success (15% cf.
59%; Remeš, 2003). Therefore, habitat quality should not be assessed based solely
on breeding densities, as artificial habitats such as plantations can act as lures that
trap birds in unsuitable, ‘sink’ habitats.
Plantation assemblages differed from that of native forests, with
replacement of some forest-dependent species by habitat generalists. Furthermore,
the lack of hollows, which takes decades to develop, preclude hollow-nesting
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species from roosting in eucalypt plantations (Kavanagh and Stanton, 2003).
Although plantations do not offer the same habitat value as native forests, birds
considered to be ‘at risk’ have been recorded in eucalypt plantatings (Hobbs et al.,
2003), and the contribution of plantations require further research so as to identify
areas for change and improvement.

1.3.2 Carbon sequestration and biodiversity credits
Australia’s native forests, plantations and wood products sequestered a total of
56.5 million tonnes of carbon dioxide equivalent (CO2e), offsetting the 53.3
million tonnes of CO2e emission produced by deforestation – the conversion of
forests mainly to agriculture – by a net sequestration of 3.2 million tonnes of
CO2e (MIG, 2008). Carbon stock has increased with plantation establishment; in
2005, plantations offset about 3.5% of Australia’s total greenhouse gas emissions
(MIG, 2008).
The benefits of carbon sequestration begins immediately after planting as
trees take up carbon dioxide from the atmosphere through photosynthesis, without
the long turnover required to produce sawlogs, so investment in newly planted
forests for trade in carbon offset is likely to increase. Trading in carbon credit on a
global and regional scale is already in place, with one credit unit defined as one
tonne of CO2 or CO2 equivalent (CO2e).
Forests NSW had already invested in new plantations for carbon credits
prior to Australia’s ratification of the Kyoto Protocol, which took effect in March,
2008 (DCCEE, 2008). In 2000/2001, State Forests NSW (now Forests NSW)
entered into the world’s largest private carbon trade agreement with Tokyo
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Electric Power Company (TEPCO), with the objective to plant between 10,000
and 40,000 ha of new plantation in NSW over the next ten years (RACD, 2004).
This was followed by other carbon forest investment agreements, including a
$172 million agreement with STMicroelectronics in 2003, with the target of
planting up to 12 million plantation trees to offset the company’s carbon
emissions (SFNSW, 2003). To date, 23,515 ha of plantation are accredited for
carbon trading, with 4.2 million tonnes of CO2 sequestered by plantations (Forests
NSW, 2007).
As carbon is sequestered in any new forests, whether commercial, semicommercial/environmental (e.g. for salinity amelioration) or “natural” (for
biodiversity conservation), there is the possibility for new plantings to be traded
as biodiversity credits as well as carbon credits, depending on the conservation
value provided through reforestation. Reforestation of native forests for trading in
carbon credits and other purposes has already taken place. For example, Hancock
New Forests Australia, a $200 million investment fund, was set up to plant 30,000
ha of native forests in the eastern and southern states of Australia, to be harvested
after 30 years, with investors receiving tradable carbon credits as annual dividends
for the first 24 years (Mercer and Underwood, 2002). Forests NSW has also
signed agreements with electricity providers such as Integral Energy and
Transgrid, which will receive carbon credits in return for their investment in
recreating five ha each of the endangered Cumberland Plains Woodland (SFNSW,
2003). There are also not-for-profit organisations and private carbon offset
providers that establish and monitor mixed species native plantings to offset
carbon emissions for individuals and institutions. With the recognition of the
conservation value of reforestation, and the development of tradable biodiversity
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credits in a market-based biobanking scheme (DECC, 2007), there is a possibility
that plantings for multiple purposes including biodiversity may become
commercially attractive in the future, and further increase incentives for plantation
establishment.

1.4 Summary
Plantations, especially native plantations established on land previously cleared
for agriculture or grazing, have the potential to address environmental issues
including restoration of ecological processes and biodiversity conservation. The
area of plantations will continue to rise, and quantification of the contribution of
plantations towards the aforementioned issues will help determine the most
favourable management strategies and policies for sustainable timber harvesting
and conservation. The aim of this project is to further our understanding of the
conservation value of young, native, eucalypt plantations by investigating
differences in avian ecology between native forests and plantations, and among
riparian zones situated in different matrices, i.e. native forests, eucalypt
plantations and pasture.

In addition to measuring avifauna species richness,

abundance and composition, two target species representing the ground-foraging
insectivore guild, which is known to be vulnerable to habitat degradation and
declining in numbers, were chosen for observation to further elucidate the
influence of plantations on foraging behaviour and life-history parameters. This
research will provide insight on the contribution of eucalypt plantations to the
conservation of regional avifauna population, and increase our knowledge of their
habitat quality.
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1.5 Thesis outline
Chapters 2 to 4 contain independent manuscript which will be submitted to
academic journals. Therefore, some repetition between chapters in the
introduction and methods may exist.

Chapter 2 has been adapted for and accepted by Forest Ecology and Management.
It addresses the following aims:
1) To determine the relative habitat value to avian communities of forests,
plantations, riparian remnants in open pasture, and riparian remnants
buffered with plantations;
2) To determine whether particular species or foraging guilds of birds are
likely to benefit from eucalypt plantations.

Chapter 3 will be submitted to the Journal of Avian Ecology addressing the
following aims:
1) To provide a quantitative description of the vegetation characteristics of
eucalypt plantation and forest habitats.
2) To compare the proportion of time spent on various activities by two
ground-foraging insectivores, the eastern yellow robin and the whitebrowed scrubwren, in plantations and native forests.
3) To provide a quantitative assessment of the foraging height and substrates
used by these species, and to use these results to determine the relative
habitat value of forest and plantation habitats.
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Chapter 4 will be submitted to Journal of Avian Ecology addressing the following
aims:
To compare territory characteristics and habitat usage across habitat types
(forests and plantations, dryland and riparian), measuring:
i)

the area and shape of eastern yellow robin territories

ii)

the proportion of plantation and remnant trees within territories

iii)

the utilisation frequency of plantation trees vs. remnant trees

This thesis concludes with a general discussion of the conclusions drawn from the
three main chapters.
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Chapter 2
Avian assemblages in eucalypt forests, plantations and
pastures in northern NSW, Australia.

2.1 Introduction
Forested areas cover one-third of the world’s total land area, or just under 4
billion ha, of which 36% are primary forests undisturbed by human activities
(FAO, 2006; FAO, 2007). Conversion of forests to agricultural land is occurring
at an alarming rate, especially in the tropics; 13 million ha are lost or modified per
annum, including 6 million ha of primary forests (FAO, 2006; FAO, 2007). The
world lost 3% of its total forest area over the period of 1990-2005, with the
greatest rate of loss in Latin America, the Caribbean, and Africa (FAO, 2006;
FAO, 2007). Globally, reduction and fragmentation of forest cover have caused
local and regional declines in the species richness and abundance of fauna and
flora, as well as landscape degradation such as soil erosion, desertification and
dryland salinity (Lindenmayer and Hobbs, 2004; Nambiar and Ferguson, 2005).
At the same time, forest restoration, expansion and plantation establishment have
slowed the rate of net forest area loss (FAO, 2006). Plantations established on
previously forested agricultural land have the potential to reduce or replace
demands on native forests for timber production, increase management efficiency,
and address conservation, environmental and social issues (Cameron and Penna
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1988; Stanton, 1992; Sedjo and Botkin, 1997; Lindenmayer and Hobbs, 2004;
Kavanagh et al., 2005). With the increasing loss of natural forests to urban
development, agriculture or conversion to plantations in many parts of the world,
the question arises as to what extent such commercial plantations are able to
provide the ecological attributes found in natural or semi-natural forests, and
contribute to biodiversity conservation.
According to the continuum model, a variegated landscape is comprised of
mosaics of varying habitat qualities (Fischer et al., 2005; Barbaro et al., 2008).
Plantations may present a low-contrast, permeable matrix where its habitat
attributes are similar to previous land cover and surrounding forested areas
(Lantschner et al., 2008; Pawson et al. 2008). Such plantations can support many
species, including those of conservation concern (Berndt et al., 2008; Brockerhoff
et al., 2008), assist dispersal and colonisation through increased connectivity of
embedded remnants (Renjifo, 2001; Lindenmayer and Hobbs, 2007; Nasi et al.,
2008), and buffer remnants from microclimatic edge effects (Denyer et al., 2006).
In general, plantations have better conservation potential than agricultural land
(Grabham et al., 2002; Loyn et al., 2007; Pawson et al., 2008) and may provide
habitat heterogeneity that help to retain species on a landscape-scale, and
potentially, regional level (Lindenmayer and Hobbs, 2004). Native plantations in
particular have greater potential in sheltering native fauna than exotic plantations
(Farwig et al., 2008). However, depending on the history of land-use prior to
plantation establishment, landscape context, management goal and intensity, and
taxa or species-specific requirements, plantations may support a depauperate or a
different suite of fauna from forests, or remain impoverished in high conservation
value species for decades (Parris and Lindenmayer, 2004; Aubin et al., 2008; Nasi
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et al., 2008; van Halder et al., 2008), so there is a need to understand the level of
contribution of plantations in enhancing the prospect of species or guilds of
conservation concern in specific areas.
In Australia, habitat clearing and the resulting network of isolated remnant
patches is the greatest non-climatic influence on the richness, abundance and
composition of faunal, particularly avian, communities (Ford et al., 2001; Sattler
and Creighton, 2002). Less than 10% of many eucalypt forest groups remain
unlogged, and in some regions, less than 1% of the original eucalypt associations
remain (North, 1996). Habitat loss and fragmentation reduce and isolate important
resources such as food, shelter and nesting sites, hinder dispersal and
recolonisation in inhospitable matrices, and exacerbate degradation of remaining
vegetation (Hobbs, 1993; Ford et al., 2001; Hames et al., 2001; Cale, 2003).
Within human-modified matrices, avian communities are affected at both
landscape and local scales by remnant shape, area, degree of isolation and forest
cover (Howell et al., 2000; Boulinier et al., 2001; Major et al., 2001; Mac Nally
and Horrocks, 2002; Cale, 2003; Seddon et al., 2003; Watson et al., 2003);
vegetation parameters such as health, complexity, diversity and density (Watson
et al., 2001; Seddon et al., 2003; Watson et al., 2003); and the presence or absence
of aggressive, edge-associated competitors (Grey et al., 1997; Major et al., 2001;
MacDonald et al., 2002), and nest predators (Luck et al., 1999a, b). The response
of individual species to anthropogenic disturbances is also influenced by to life
history attributes and specialisation in diet or habitat requirement. In the urban
environment, the built areas with little green space are dominated by ‘urban
exploiters’ capable of roosting in human dwellings, e.g. common myna
(Acridotheres tristis); ‘urban adaptors’ such as medium to large-sized
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nectarivores, parrots and corvids dominate the urban matrix (Parsons et al., 2006);
small insectivores and nectarivores are generally ‘urban tolerators’, occurring in
urban areas but relying on remnant vegetation for shelter, while ‘urban avoiders’
denote species that are sensitive to human disturbance and unable to persist in
urban landscape. Agricultural and pastoral matrices surrounding habitat patches
are typically dominated by habitat generalists and open-country species; elevated
densities of species of Corvidae and Artamidae (e.g. Torresian crow, Australian
magpie, pied currawong) are found at the interface between native vegetation and
cleared land (Luck et al., 1999a). Forest- and woodland-dependent birds,
especially small insectivores e.g. those that feed on foliage invertebrates, are
largely confined to wooded areas (Saunders and Ingram, 1995; Hayes and Samad,
1998; Ludwig et al., 2000; Major et al., 2001; Renjifo, 2001). Hollow-nesters are
confined to undisturbed, mature forests, as the formation of hollows of different
sizes may take over 200 years (Gibbons et al., 2000). Changes in ecosystem
processes, eucalypt dieback and practices such as firewood removal and grazing
have further altered the shape, area, degree of isolation and health of the remnant
vegetation (Hobbs, 1993; Watson et al., 2003), affecting resources such as food,
shelter and nesting sites, hindering dispersal and recolonisation in inhospitable
matrices, and exacerbating degradation of remaining vegetation (Robinson and
Traill, 1996; Ford et al., 2001; Hames et al., 2001). Although only one mainland
bird species has become extinct since European arrival, avifauna in many regions
are declining today due to broad-scale habitat loss, fragmentation and degradation
(Ford et al., 2001; Westphal et al., 2003). Recher (1999) predicted that without
changes in management, Australia would lose half of its terrestrial avifauna in the
21st century.
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With growing public awareness of the conservation value of forests
outside of existing reserves, there has been a trend to establish intensively
managed plantations on semi-cleared land, to replace timber demands on native
forests (Cameron and Penna, 1988; Stanton, 1992). Plantations are defined as
“stands of trees with native or exotic species, created by the regular placement of
cuttings, seedlings or seeds selected for their wood-producing properties and
managed intensively for the purposes of future timber harvesting’’ (Standards
Australia, 2007). Further to easing demand on old growth or regrowth forests,
plantations offer economic benefits derived from ease of establishment,
management, harvesting and transport relative to that of native forests;
afforestation may also contribute to carbon sequestration, and address
environmental issues such as erosion, salinity and water-quality (Lindenmayer
and Hobbs, 2004; Kanowski et al., 2005). Aside from economic and
environmental issues, studies reviewed by Lindenmayer and Hobbs (2004)
highlight the wildlife conservation value of remnant forest or woodland patches
within plantations. Extant forest remnants, especially riparian corridors, often
retain a large proportion of forest- and woodland-dependent species, some in
similar densities to that found in undisturbed habitat (Bentley and Catterall, 1997;
Fisher and Goldney, 1997), and may provide linkages that assist dispersal and
colonisation (Nasi et al., 2008), important functions given the highly fragmented
nature of the reserve system. It is therefore important to assess the effectiveness of
these remnants as linkages, when buffered by plantations.
The Australian plantation estate is projected to reach 3 million ha by 2020
(DPIE, 1997). New plantations are currently expanding by an average of 70,000
ha per annum (Forests NSW, 2007). Most are native eucalypt species established
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on semi-cleared agricultural land (88% of new areas planted in 2006-07, a 92%
increase in area to that planted 10 years ago; ABARE, 2008). The placement and
management of these plantations will have significant effects on the biota within
or around them.
To date, research on the relationship between plantations and native biota
has been largely focused on exotic pine (Pinus species) plantations, which
comprise 51% of the national plantation estate (MIG, 2008). Exotic pine
plantations are generally depauperate in native fauna, supporting only a small
subset of the assemblage found in the original habitat (Parris and Lindenmayer,
2004; Sinclair and New, 2004; Zurita et al., 2006; Paritsis and Aizen, 2008).
However, exotic pine plantations are not ‘biological deserts’ (Lindenmayer and
Hobbs, 2004; Archaux and Bakkaus, 2007), and are of value, albeit limited, as
habitat which may allow recolonisation of cleared land (Rishworth et al., 1995;
Bonham et al., 2002; Lindenmayer et al., 2002; Gunther and New, 2003), and as
corridors for dispersal to remnant forests and woodlands (Lindenmayer et al,
2004; Pope et al, 2004; Banks et al., 2005; Tomasevic and Estades, 2008),
including those embedded within plantations (Lindenmayer et al., 1999a,b).
Native plantations have greater potential in sheltering native avifauna
(Barrett, 2000; Farwig et al., 2008), and interest and research has grown with the
steady increase in hardwood establishment, from 15% of the total national estate
in 1994 to over 49% today (MIG, 2008). The limited studies to date suggests that
eucalypt plantations allow recolonisation of semi-cleared land by buffering
isolated eucalypt remnants, provide better habitat than pastures, as well as habitat
heterogeneity that may help to retain species on a landscape-scale, and potentially,
regional level (Grabham et al., 2002a; Cunningham et al., 2005; Kavanagh et al.,
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2007; Loyn et al., 2007). However, intensively managed, short-rotation
plantations lacking in shrub and ground cover and litter layer may support a
depauperate suite of fauna different from those found in continuous forests
(Hobbs et al., 2003; Aubin et al., 2008). There is a need to understand the level of
contribution of plantations in enhancing the prospect of species or guilds of
conservation concern.
Therefore, the objective of this study is to determine the capacity of
eucalypt plantations for maintaining an avifauna community comparable to that of
native forests, through investigation of, 1) the relative habitat value to avian
communities of forests, plantations, riparian remnants in open pasture, and
riparian remnants buffered with plantations; 2) whether particular species or
foraging guilds of birds are likely to benefit from eucalypt plantations.

2.2 Methods
2.2.1 Study area
The study area is located on the mid-north coast of New South Wales, eastern
Australia, approximately 400 km north of Sydney (31°26'09"S, 152°51'48"E). The
broad study area and potential study sites were selected based on aerial photos
provided by Forests NSW, and digitised to produce an area estimate for forest
cover. The study area covers approximately 315 km2 (circle with 10 km radius),
with approximately 70% forest cover (excluding plantations; Fig. 2.1). The
climate is subtropical and strongly influenced by elevation and distance from the
coast, tending to be more temperate further inland, with higher rainfall at higher
elevations (FCNSW, 1993). Temperature ranges from 13.1 – 22.2°C (mean daily
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minimum to maximum) and median annual rainfall is 1407.6 mm (BOM, 2010),
with about 60% of the average annual rainfall occurring in the 5 months between
December and April (FCNSW, 1993).
Vegetation composition varies throughout the study area, with moist
hardwood forests distributed on sheltered lower to mid-slopes, and dry hardwood
forests on less fertile, stony ridges. Characteristic eucalypt species of dry slopes
and ridges include E. pilularis, E. acmenioides, E. propinqua, as well as ironbark,
bloodwood and stringybark species. The mid- and lower canopy strata are
generally sparser in comparison to moist forests, and largely dominated by Acacia
species, herbs and grasses (FCNSW, 1993). Moist gully forests are dominated by
E. saligna, E. grandis and E. microcorys, in association with other species such as
Syncarpia

glomulifera and

Lophostemon

confertus.

The

subcanopy

is

characterised by rainforest species (e.g. Archontophoenix cunninghamiana, Cissus
antarctica, and Morinda jasminoides; Huggett, 2000), and shrubs such as
scentless rosewood (Synoum glandulosum), narrow-leaved palm lily (Cordyline
stricta) and black plum (Diospyros australis) (DEC, 2005).
The study area has a long history of logging and pastoralism; virtually all
forests in the coastal area have been harvested since operations began in the late
19th century (FCNSW, 1993). Regrowth forests are currently protected in nature
reserves, or managed for timber resources. These forested landscapes are
surrounded by private, pastoral properties, primarily used for dairy and beef
production.
Five forested habitat types were chosen for bird assemblage analysis dryland forests, riparian forests (forests with riparian strips), dryland plantations,
riparian plantations (plantations with riparian strips), and riparian pastures
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(pastures with riparian strips). Dryland pasture was excluded as this area was not
forested. Riparian sites were chosen based on the presence of a strip (3–5 m wide)
of distinct and well-developed riparian vegetation either side of a third order
stream. Dryland plantation sites were situated on mid-slopes, and no less than 300
m to the nearest creekline.
All five habitat types were represented by three replicate sites, each 4 ha in
area (200 x 200 m) and chosen based on similarity in vegetation structure, floristic
composition, forest management history, and connectivity to adjacent forest.
Replicate sites were arranged so that no two sites were less than 300 m from each
other, and no two sites of the same habitat type were less than 1 km from each
other.
The two forest habitat types contained a mixture of dry and moist
hardwood. Riparian forests contained eucalypt species associated with gully
vegetation, and better developed understorey of rainforest flora, while dryland
forests were dominated by dry eucalypt species; sites for these two habitat types
were chosen to be as similar as possible. Replicate sites for these two habitat types
were situated within two large forests (Bril Bril State Forest, 2,364 ha and
Cairncross State Forest, 5,930 ha) that have undergone various logging regimes
since the 1890s. They were last logged between 30 and 50 years ago, and not
currently subjected to grazing.
Plantation habitats were established on cleared pasture and planted to
blackbutt (E. pilularis) and flooded gum (E. grandis) in a mosaic of
monocultures, with some small remnants of native vegetation embedded within
(~30% of the site area in riparian plantations and ~10% of the site area in two
dryland plantation sites as one site does not contain remnants). Blackbutt is
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abundant in wet sclerophyll or grassy coastal forests throughout New South Wales
and up to south eastern Queensland; usually seen on coastal sandy loams, but also
grows well on clays and volcanic soils. Blackbutt has finely fibrous, grey-brown
bark on the lower half of the trunk, shedding in long ribbons; trunk above is
smooth, white or grey. Flooded gum occurs in tall open forests, usually on flats or
lower slopes of deep fertile valley with a preference for moist, well-drained, deep
loamy soils. There is one major area of occurrence from Newcastle in New South
Wales northwards to around Bundaberg in Queensland, and smaller stands in the
tropical north. Flooded gums are characterised by short ‘stocking’ of greyish,
flaky rough bark of 1–4 m, and smooth, white, greyish white or bluish grey trunk
above (Boland et al., 2006; PlantNet, 2010). Plantations were un-thinned and
leased for grazing. Riparian zones situated within plantations were comprised
largely of remnant tall eucalypts and rainforest shrubs, but lacking in a welldeveloped understorey due to cattle activities. Dryland and riparian plantations
were located in three different land-purchase plantations established between
1998 and 2000. The plantation sites were between 4–6 years old at the time of
survey. Reid Plantation (101.20 ha) was connected to Bril Bril State Forest (2,364
ha). Fletcher Plantation (333.45 ha) was adjacent to Cairncross State Forest (5,930
ha), as was Slater Plantation (100 ha). These plantations were established for sawlog production, with rotation intervals of 20–30 years. The lack of older eucalypt
plantations in the study area precluded the use of stand age or structural stages for
comparison in this study.
Riparian pastures were situated on three private pastoral properties along
the Hastings River. The pastoral matrix of these sites were characterised by a
ground cover of grass, few, isolated native trees, including stags, and little or no
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understorey. The riparian strips on these properties were comprised of eucalypts
and small shrubs, and form part of a large and well-connected network of native
riparian vegetation. Like riparian plantations, riparian strips in pastures were
narrow and unprotected from grazing by cattle.
While comparisons were made across all habitat types we were
particularly interested in two comparisons: 1) to test the role of afforestation with
eucalypt hardwood plantations through comparisons between dryland forests and
dryland plantations; 2) to test the role of the riparian areas surrounded by different
land-use types, through comparisons of riparian forests, riparian plantations and
riparian pastures.
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Fig. 2.1 Map of the study area

63

2.2.2 Bird surveys
Bird surveys were conducted between November and December 2004. Five
surveys were conducted at each site between 0600 and 1000 hours on days of dry
weather and little or no wind. Transects of 200 m were surveyed. Surveys in
riparian habitats were conducted along the watercourse; surveys in dryland forest
and plantation sites were carried out from different starting points along the 200 m
transect, with approximately 40 m between surveys. Four 10-minute point counts
were incorporated into the survey at 0 m, 50 m, 100 m, and 150 m, to increase the
chance of detecting cryptic or less vocal species. Birds detected 25 m either side
of transects were recorded. Water birds, nocturnal birds and birds flying overhead
were excluded from analyses. Species were categorised as forest- or woodlanddependent species, and non forest- and woodland-dependent (habitat generalists
and open-country species). Species were further grouped into six foraging guilds
(frugivore, granivore, insectivore, nectarivore, omnivore, and vertebrate eaters)
and separately by movement patterns (sedentary and migratory/nomadic), based
on descriptions from the Handbooks for Australian, New Zealand and Antarctic
Birds (Marchant and Higgins, 1993; Higgins and Davies, 1996; Higgins, 1999;
Higgins et al., 2001; Higgins and Peter, 2002; Higgins et al., 2006).

2.2.3 Data analysis
Differences in species richness, avifauna abundance and guild abundance across
habitat types were analysed with nested ANOVA (analysis of variance). Tukey’s
Honestly Significant Difference (HSD) post hoc test was used to determine where
differences lay. Differences in composition based on species presence/absence
and abundance matrices were tested separately using ANOSIM (analysis of
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similarity). This is a non-parametric multivariate technique based on a BrayCurtis similarity matrix that describes relationships between samples (PRIMER:
Clarke and Warwick, 1994). Avifauna composition and abundance across habitat
types were visually represented using a non-metric multi-dimensional scaling plot
(nMDS). Similarity percentage analysis (SIMPER) was then used on abundance
data to calculate the average percent dissimilarity between habitat types, the
average similarity within habitat types and to identify species that make
significant contributions to both similarities and differences. The degree to which
a species distinguishes one community from another is determined by the
Dissimilarity/SD ratio, which indicates how consistently a species contributes to
the Bray-Curtis dissimilarity or similarity index between pairs of samples. Species
with a Dissimilarity/SD ratio equal or higher to the recommended cut-off ratio of
1.35 was deemed to be a distinguishing species for one habitat type against
another (Clarke and Warwick, 1994).

2.3 Results
2.3.1 Patterns of species richness and abundance
A total of 73 species of land birds were recorded from 75 surveys. Riparian
pastures had the highest cumulative species richness, with 56 species; seven
species were recorded only in this habitat type, five of which were open-country
species (Table 2.1). Dryland plantations had the lowest total species richness (34).
Cumulative species richness for riparian forests (52), riparian plantations (50) and
dryland forests (43) were intermediate. Species richness per survey was
significantly different among habitat types (F4,
within habitat types (F10,
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10

= 16.05, P = 0.0002), but not

= 0.72, P = 0.706). Dryland plantations had
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significantly lower species richness per survey than all other habitat types (Fig.
2.2a). Thirteen extra species were recorded through incidental observation in the
two years after the survey period, bringing the total richness to 88 species.
Dryland plantations showed the greatest increase in the proportion of regional
avifauna with the inclusion of species recorded after formal surveys (Table 2.1).
Introduced species, and the aggressive native honeyeater, the noisy miner
(Manorina melanocephala), were not observed during the survey period or on
subsequent visits.
Dryland forests and dryland plantations shared 26 species. Riparian
plantations shared 40 species with riparian forests and 44 species with riparian
pastures, indicating that riparian zones may be a more important influence in
determining species richness than other habitat characteristics.
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Table 2.1 Number of forest- or woodland-dependent (F/W) species, habitat
generalists, open-country species and total species richness recorded in each
habitat type. Percentage in brackets indicates the proportion of total species
recorded during formal surveys (n = 73) across all habitat types.

Dryland

Riparian

Dryland

Forests

Forests

Plantations Plantations Pastures

F/W

24

30

17

25

23

Generalist

19

21

17

23

28

Open-country

0

1

0

2

5

34 (47%)

50 (68%)

56 (77%)

Species richness 43 (59%) 52 (71%)

Riparian

Riparian
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25

Mean species richness per survey

a
20

a

a

a

15

b
10

5

0
Dryland Forests

Riparian Forests

Dryland
Plantations

Riparian
Plantations

Riparian Pastures

Habitat type

a

Mean number of species per survey

45
40

a

a

a

35
30

b

25
20
15
10
5
0
Dryland Forests

Riparian Forests

Dryland
Plantations

Riparian
Plantations

Riparian Pastures

Habitat type

Fig. 2.2 Variation in (a) mean (+ s.e.) species richness and (b) mean (+ s.e.)
number of birds per survey across habitat types. Means that are not significantly
different by Tukey’s HSD are shown with the same letter.
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The mean number of birds recorded per survey was also significantly different
across habitat types (F4, 10 = 6.91, P = 0.0062), but not within habitat types (F10, 60
= 1.24, P = 0.287). Dryland plantations had significantly lower mean avifauna
abundance than all other habitat types (Fig. 2.2b). Further analyses showed that
forest- and woodland-dependent birds differed in abundance across habitat types
(F4, 10 = 9.75, P = 0.0018). Dryland plantations had fewer species of forest- and
woodland-dependent birds. Habitat generalists did not differ in abundance across
habitat types (F4, 10 = 1.88, P = 0.1901). Open-country species were insufficient in
number for statistical analyses (Table 2.1).
Dryland plantations supported the fewest forest and woodland resident
species, approximately half of that found in other habitat types (Table 2.2), and in
significantly lower numbers compared with all other habitats (F4, 10 = 7.28, P =
0.0052). Riparian plantations and pastures had more generalist residents (nonforest and woodland resident) species than other habitat types, although
abundance was comparable across habitat types (F4,

10

= 3.34, P = 0.0555).

However, the P value is close to being significant, and there may be a trend for
greater abundance of generalist residents in modified riparian habitats. Migratory
and/or nomadic species were present in similar numbers in all habitat types, and in
similar abundances (F4, 10 = 1.92, P = 0.1836).
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Table 2.2 Number of forest and woodland (F/W) residents, generalist residents
(not dependent on forest or woodland) and migratory/nomadic species in broad
habitat types.
Dryland Riparian Dryland

Riparian

Riparian

Forests

Forests

Plantations Plantations Pastures

17

21

9

15

14

11

13

10

16

23

Migratory/Nomadic 15

18

15

19

19

F/W Residents

Generalist
Residents

2.3.2 Feeding guild responses across habitat types
All feeding guilds with the exception of omnivores (F4,

10

= 1.78, P = 0.2094)

showed a significant difference in abundance across habitat types (Table 2.3).
Insectivores, which made up the greatest proportion of birds in all habitat types,
were significantly less abundant in dryland plantations compared with other
habitat types except riparian pastures (F4, 10 = 8.87, P = 0.0025, Fig. 2.3). Dietary
specialists such as the bark-foraging white-throated treecreeper was found in
significantly greater abundance in dryland and riparian forest habitats than other
habitat types (F4, 10 = 24.02, P = <0.0001 Frugivores were similarly abundant in
all habitat types except dryland plantations (F4, 10 = 3.66, P = 0.0437). Granivores
were found in greater abundance in riparian pastures (F4, 10 = 6.72, P = 0.0068).
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Vertebrate eaters showed a trend for greater abundance in riparian plantations and
riparian pastures, while nectarivores showed a trend for greater abundance in
dryland and riparian forests.

Table 2.3 Mean abundance (and standard deviation) of birds in different feeding
guilds; values for comparisons are based on the mean number of species per
survey in each habitat type (d.f. = 4, 10, n = 75).

Dryland

Riparian

Dryland

Riparian

Riparian

Forests

Forests

Plantations

Plantations

Pastures

3.800

3.533

1.000

3.267

4.000

(0.574)

(0.574)

(0.574)

(0.574)

(0.574)

0.267

0.267

0.267

1.067

2.133

(0.295)

(0.295)

(0.295)

(0.295)

(0.295)

21.867

22.533

12.667

20.600

15.933

(1.543)

(1.543)

(1.543)

(1.543)

(1.543)

4.733

5.067

3.333

2.467

2.800

(0.336)

(0.336)

(0.336)

(0.336)

(0.336)

5.133

4.667

5.867

7.000

3.733

(0.607)

(0.607)

(0.007)

(0.607)

(0.607)

Vertebrate

2.400

3.467

3.000

7.333

6.867

Eater

(0.534)

(0.534)

(0.534)

(0.534)

(0.534)

Frugivore

Granivore

Insectivore

Nectarivore

Omnivore
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Fig. 2.3 Diagrammatic representation of bird abundances in each feeding guild
across habitat types. F – Frugivore; G – Granivore; I – Insectivore; N –
Nectarivore; O – Omnivore; and V – Vertebrate Eaters

2.3.3 Common Species
Six species were recorded in every habitat type and every site. There were three
insectivores – eastern yellow robin (Eopsaltria australis), grey fantail (Rhipidura
fuliginosa) and rufous whistler (Pachycephala rufiventris); one nectarivore –
scarlet honeyeater (Myzomela sanguinolenta), and two omnivores – grey shrikethrush (Colluricincla harmonica) and lewin’s honeyeater (Meliphaga lewinii).
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These species were also among the most abundant and frequently observed
species in many habitat types. Only the scarlet honeyeater differed significantly in
abundance across habitat types (F4,

10

= 3.79, P = 0.0398). Although multiple

comparisons could not distinguish where differences lay, it did suggest that scarlet
honeyeaters were more abundant in riparian forests.
A further 16 species representing all feeding guilds occurred in every
habitat type but not every site (see Appendix). Several of these species were found
to occur in significantly different abundance levels across habitat types. For some
of these species, their pattern of abundance reflected the pattern found for its
guild. The bar-shouldered dove (F4, 10 = 4.766, P = 0.0206, Fig. 2.4a), a granivore,
was most abundant in riparian pastures. The Torresian crow (F4, 10 = 5.932, P =
0.01 Fig. 2.4b), and pheasant coucal (F4,

10

= 6.772, P = 0.007 Fig. 2.4c), both

vertebrate eaters, were more abundant in riparian plantations. Contrary to the
pattern observed at the guild level, two species of the omnivore guild occurred at
significantly different abundance levels across habitat types. Both silvereye (F4, 10
= 5.736, P = 0.012 Fig. 2.4d) and yellow-faced honeyeater (F4, 10 = 6.749, P =
0.007 Fig. 2.4e) were found in greater abundance in plantation habitats, especially
dryland plantations. These common species made up a greater proportion of the
avian assemblage of dryland plantations (22/34 = 65%) than in any other habitat
type.
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a) Bar-shouldered Dove

3

Mean abundance

2.5

2
b
1.5
ab
1

ab

0.5

ab
a

0
Dryland Forests

Riparian Forests

Dryland Plantations Riparian Plantations

Riparian Pastures

Habitat type

b) Torresian Crow
3
ab
2.5

Mean abundance

b
2
ab
1.5

1

0.5

a

a

0
Dryland Forests

Riparian Forests

Dryland Plantations Riparian Plantations Riparian Pastures

Habitat type

74

c) Pheasant Coucal
3

Mean abundance

2.5

2

1.5

b

1

0.5

a

a

a
a

0
Dryland Forests

Riparian Forests

Dryland Plantations

Riparian
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Riparian Pastures

Habitat type

d) Silvereye
3

2.5

Mean abundance

b
2
ab
1.5

ab

1

0.5

a
a

0
Dryland Forests

Riparian Forests

Dryland Plantations Riparian Plantations Riparian Pastures

Habitat type
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e) Yellow-faced Honeyeater
4
a
3.5

Mean abundance

3
b
2.5

ab
ab

2

1.5
1
b
0.5
0
Dryland Forests

Riparian Forests

Dryland Plantations Riparian Plantations Riparian Pastures

Habitat type

Fig. 2.4 Mean abundance (+ s.e.) of species showing different responses to habitat
types – a) Bar-shouldered Dove; b) Torresian Crow; c) Pheasant Coucal; d)
Silvereye; e) Yellow-faced Honeyeater. Means that are not significantly different
by Tukey’s HSD are shown with the same letter.

2.3.4 Community composition across broad habitat types
Community composition based on avifauna abundance differed among habitat
types (Global R = 0.641, P = 0.002). The avifauna fell into four distinct
communities reflecting a fundamental difference in habitat and vegetation
parameters across habitat types. Communities in dryland and riparian forests
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could not be distinguished from each other (R = -0.037, average dissimilarity =
36%), however, dryland plantations, riparian plantations and riparian pastures
formed distinct assemblages (Fig. 2.5a).
The avifauna communities of riparian plantations occupied an intermediate
position between dryland plantations and riparian pastures, being more similar to
riparian pastures (R = 0.222, average dissimilarity = 41%) than dryland
plantations (R = 1, average dissimilarity = 48%). The intermediate position of
riparian plantations reflects an avifauna composition influenced by both
vegetation structure and riparian strips. Riparian plantations were most similar to
forest habitats in avian assemblage. Bird communities within plantations were
more homogeneous than other habitat types (average similarity = 68% for dryland
plantations and 66% for riparian plantations). Bird communities within riparian
pastures were not as homogeneous as that found in riparian plantations (average
similarity of 56% cf. 66% respectively). Analyses on the abundance of forest- and
woodland-dependent birds also exhibited the same pattern (R = 0.415, P = 0.002;
Fig. 2.5b).
Analysis based on the abundance of insectivores formed distinct clusters
(R = 0.485, P = 0.004; Fig. 2.5c): dryland and riparian forest habitats (R = -0.074,
average dissimilarity = 37%), riparian plantations and pastures (R = -0.056,
average dissimilarity = 41%), and dryland plantations. Riparian plantations had
greater within-habitat homogeneity (average similarity = 67%), and were closer in
insectivore communities to dryland forests (average dissimilarity = 39%) and
riparian forests (average dissimilarity = 40%) compared to riparian pastures
(average dissimilarity for dryland forests and riparian forests = 48% and 49%
respectively).
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Using only presence/absence data, where rare species were weighted the
same as abundant species, composition also differed significantly across habitat
types (Global R = 0. 587, P = 0.001). Patterns amongst habitat types were similar
to analyses based on abundance data, suggesting differences amongst habitat
types were largely attributable to differences in species present rather than
changes in abundance of species. As only four distinct avifaunal communities
could be distinguished, these will be used in all future comparisons, i.e. forests
(dryland and riparian combined), dryland plantations, riparian plantations and
riparian pastures.

a)

Stress: 0.1
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R i parian F orests
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R i parian Pl antati ons

R i parian Pastures
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b)

Stress: 0.14

D ryl and F orests

R i parian F orests

D ryl and Pl antations

R i parian Pl antations

R i parian Pastures
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c)

Stress: 0.12

D ryland F orests

R i parian F orests

D ryland Plantations

R i parian Pl antations

R i parian Pastures

Fig. 2.5 Non-metric multi-dimensional scaling plots of bird communities at sites
of different habitat type. Data were ordinated using Bray-Curtis indices of
similarity on a) untransformed abundance data for all species; b) untransformed
abundance data for forest- and woodland-dependent species; and c) untransformed
abundance data for insectivore species.
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2.3.5 Distinguishing species
Distinguishing species are those species that characterise one habitat type from
another based on high abundance levels and regularity of presence in replicate
sites. Results of habitat comparisons are presented in Table 2.4.

Table 2.4 The number of species that distinguish one habitat type from another
(Diss/SD > 1.35), their feeding guild, and the number and proportion that are
common species found in every habitat type.

F – Frugivore, G – Granivore, I – Insectivore, N – Nectarivore, O – Omnivore, V
– Vertebrate Eaters
Guilds
FINO

Common species
12 (0.80)

5

IOV

4 (0.80)

Forests
vs.
Riparian Plantations

11

FIN

10 (0.91)

12

FGIOV

8 (0.67)

Dryland Plantations
vs.
Riparian Plantations

5

INO

4 (0.80)

14

FGIOV

8 (0.57)

14

FIOV

10 (0.71)

10

F G I N O V 5 (0.50)

Forests
vs.
Dryland Plantations

Riparian Plantations
vs.
Riparian Pastures

No. of species
15
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1. Forests vs. Dryland plantations

Forest habitats supported 58 species of which 29 were shared with dryland
plantations (29/58 = 50%); 22 were the aforementioned common species. A
further 11 species were recorded in both forest habitats and dryland plantations
after the survey period (40/70 = 57%). Forests were distinguished from dryland
plantations by three times as many distinguishing species, from more feeding
guilds; however, common species made up the same proportion of distinguishing
species in each habitat type. Forests were characterised by markedly more
insectivores than dryland plantations (11 cf. 2 species). Frugivores and
nectarivores were feeding guilds that distinguished forest habitats from dryland
plantations, suggesting a potential preference. Conversely, dryland plantations
were distinguished by one species of vertebrate eater. Omnivores made up a
greater proportion of species that characterise dryland plantations (2/5 = 40%)
than forest habitats (1/15 = 7%).

2. Forests vs. Riparian plantations

Riparian plantation communities shared 43 species of the 58 supported by forests
(43/58 = 74%) during formal surveys and 55 species (55/70 = 79%) including
incidental observations. Forests and riparian plantations both have comparable
numbers of distinguishing species (11 cf. 12 species), however, common species
accounted for a smaller proportion of the distinguishing species of riparian
plantations. Riparian plantations were characterised by five feeding guilds
including omnivores and vertebrate eaters, compared to three for forest habitats,
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indicating a broader range of foraging opportunities compared to forests. Unlike
riparian plantations, forest habitats were characterised by a nectarivorous species,
and by more insectivores (8 cf. 4 species).

3. Dryland plantations vs. Riparian plantations

Dryland plantations shared 32 species with riparian plantations. All but two
species recorded in dryland plantations were also present in riparian plantations.
Riparian plantations were distinguished from dryland plantations by almost three
times as many species, from more feeding guilds. Unlike riparian plantations,
dryland plantations were not characterised by species from the granivore,
frugivore and vertebrate eaters’ guilds. Riparian plantations were characterised by
more insectivores than dryland plantations (7 cf. 2 species).

4. Riparian plantations vs. Riparian pastures

Riparian plantations shared more species with riparian pastures (44) than with
dryland plantations (32). Although riparian pastures had fewer distinguishing
species than riparian plantations (10 cf. 14 species), this habitat type was
distinguished by species from all six feeding guilds, including granivore and
nectarivore, guilds absent from the community that distinguish riparian
plantations from riparian pastures. Insectivores were again present as
distinguishing species in both habitat types, but more speciose in riparian
plantations (8 species) than riparian pastures (5 species). The Australia magpie is
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the only species to occur with equal regularity and abundance in both habitat
types (Diss/SD = 1.47 in both habitat types).

2.4 Discussion
2.4.1 Relative habitat value of forests, plantations, and riparian remnants in
open pastures and plantations

Continuous dryland and riparian forests were both rich in avian species and high
in individual abundance.

Riparian forests harboured a slightly more diverse

assemblage, with more forest- and woodland-dependent species and forest
resident species, consistent with that observed in other studies (Bentley and
Catterall, 1997; Woinarski et al., 2000; Palmer and Bennett, 2006). The lack of
significant effect of riparian zones in forest habitats on species richness and
abundance suggests that dryland and riparian forests may be of similar value as
reference points for habitat quality comparisons in this region. Forests covered a
greater area than plantations, and displayed greater structural heterogeneity and
floristic diversity. Area proportional sampling would most likely yield even
higher species richness, especially that of rare, wide-ranging, or patchily
distributed species (Mac Nally and Horrocks, 2002; Zurita et al., 2006).
Dryland plantations supported significantly fewer species and in lower
numbers compared to all habitat types, reinforcing the general pattern derived
from research on plantations in diverse environments (Brockerhoff et al., 2008),
and in eucalypt plantations of similar age and various sizes in Australia (Grabham

84

et al., 2002a; Hobbs et al., 2003, but see Loyn et al., 2007). Differences in
richness were more evident for forest- and woodland-dependent species and forest
residents, and less so for habitat generalists and migratory/nomadic species,
indicating a capacity for dryland plantations to facilitate movement across the
landscape and provide habitat for species with less stringent habitat requirements.
Although dryland plantations also supported fewer species of habitat generalists,
these species appear to be most capable of utilising dryland plantations, as they
make up a greater proportion of the plantation assemblage, and their abundance
was similar to those found in other habitat types. These results concur with
findings of other plantation studies both internationally (Christian et al., 1998;
Twedt et al., 1999; Berg, 2002; Hansson, 2000; Sodhi et al., 2005; Zurita et al.,
2006) and within Australia (Grabham et al., 2002a; Hobbs et al., 2003; but see
Loyn et al., 2007). The amount and complexity of native forest cover within
plantations can boost species richness (Rotenberg, 2007). Habitat homogeneity
and cattle grazing – which reduce and alter understorey and log cover – are likely
to have contributed to the low species richness and abundance observed in this
study (Kavanagh et al., 2005; Kavanagh et al., 2007). The small remnants and
isolated original trees retained within dryland plantations appear to have had
limited contribution to species richness.
We found that dryland plantations greater than 100 ha supported only 47%
of the regional avifauna recorded during formal surveys, slightly lower than that
observed in plantations of similar age but different size classes in other regions of
Australia (Grabham et al., 2002a; Hobbs et al., 2003). Incidental observation in
subsequent years increased species diversity, which may be related to inter-annual
variability, increased habitat value with age (Patterson et al., 1995; Kavanagh et
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al., 2007), or irregular, temporary usage of young plantings by wide-ranging
migratory or nomadic species (Kus, 1998), which were found in similar richness
and numbers in dryland plantations as in other habitat types. Conclusion cannot be
drawn due to differences in sampling effort and method to that carried out during
formal surveys.
Riparian plantations, in contrast, supported approximately 50% more
species, and comparable numbers of forest- and woodland-dependent birds and
forest residents to forest habitats. Elevated species richness and abundance have
been observed in other plantations in close proximity to riparian vegetation
(Estades and Temple, 1999; Rotenberg, 2007; Luck and Korodaj, 2008). While
tree age (<10 y.o.) may have contributed to the depauperate richness and low
abundances observed in dryland plantations, these results demonstrate the
influence of habitat characteristics over tree age, as riparian plantation sites were
of the same size, age and distance to continuous native forests. While it is not
known which forest- and woodland-dependent species found in riparian
plantations use the plantation matrix, nor their survivorship or breeding success,
the increase in such species in comparison to dryland plantations suggests that
some species are capable of using plantations as supplementary habitat (Renjifo,
2001).
Riparian strips also elevated the average avifauna richness and abundance of
pastures, generally poor in comparison to forested areas (Grabham et al., 2002a;
Heikkinen et al., 2004; Kavanagh et al., 2005; Hannah et al., 2007; Kavanagh et
al., 2007), to the same level as that found in forest habitats and riparian
plantations. The juxtaposition of two dissimilar habitats increased habitat
heterogeneity and provided resources for the most diverse assemblage of birds, a
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combination of forest- and woodland-dependent species, and a relatively larger
number of open-country foragers that have benefited from land-clearing (Fisher
and Goldney, 1997). Riparian zones including gullies are characterised by higher
moisture and nutrient levels than dryland, with increased structural complexity
and elevated productivity, even in gullies without permanent water (Mac Nally et
al., 2000), which in turn attracts species in greater densities (Bentley and Catterall,
1997; Woinarski et al., 2000; Palmer and Bennett, 2006). Riparian strips, even
when narrow and degraded by grazing, have positive effects on the avifauna
richness and abundance of human-modified habitats. This study affirms the status
of riparian zones as a critical landscape component for wildlife conservation.
Landscape-scale fragmentation has a strong influence on avian distribution
and persistence (Boulinier et al., 2001; Groom and Grubb, 2006), but local-scale
conditions can also influence avian dynamics (Warren et al., 2005; Gardali et al.,
2006). The results of this study indicate that riparian strips, inherently small linear
corridors less than 10 m in width, can contribute to avian conservation in an
industrial plantation landscape. Adverse effects such as poor habitat quality and
survivorship often associated with small linear corridors (McCarthy and
Lindenmayer, 1999; Lindenmayer et al., 2002; Seddon et al., 2003) may have
been reduced as these riparian corridors were part of a larger and well-connected
riparian network (MacDonald et al., 2002).
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2.4.2 Association of avian communities and foraging guild responses across
broad habitat types
Community composition is a better indicator of habitat value than avifauna
richness and abundance as it reflects species-specific habitat and dietary
requirements. This study found broad habitat type to be useful in segregating
avifauna communities based on patterns of presence and abundance, with four
distinct communities, each corresponding to a different habitat type – forests
(including both riparian and dryland forests), dryland plantations, riparian
plantations, and riparian pastures. Differences among habitat types were largely
attributable to species composition rather than changes in abundance.
Segregation of distinct communities across habitat types reflect a
fundamental difference in habitat characteristics, which may include factors such
as food availability, vegetation structure and floristic diversity, inter- and
intraspecific competition and predation (Jones, 2001; Rodewald and Yahner,
2001). The same pattern of segregation was found for forest- and woodlanddependent birds and insectivores, supporting the correlation between habitat
characteristics and the habitat or dietary requirements of birds.
The contrast in habitat value between forests and dryland plantations is
evident, with forests being distinguished by three times as many species. Dryland
plantations only supported 50% of the species found in forests, the majority of
which were common species with wide distributions, or omnivores. Forests, on
the other hand, supported more habitat and/or dietary specialists, including
ground-foraging species associated with closed canopy, dense understorey and
abundant leaf litter absent in other habitat types (Marchant and Higgins, 1993;
Higgins and Peter, 2002). Forest habitats also supported more bark-foragers, and
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greater numbers of frugivores and nectarivore, which are consistent with findings
of other studies (Arnold, 2003; Waltert et al., 2004; Loyn et al., 2007). The habitat
and dietary specialisations of these species reflect the greater structural and
floristic complexity and productivity present in forest habitats (Recher et al.,
1996; Twedt et al., 1999; Arnold, 2003; Waltert et al., 2004; Loyn et al., 2007).
Within dryland plantations, common species with wide distributions
accounted for two-thirds of the community, as well as the majority of species
shared with forest habitats. Fewer species and lower numbers of frugivores and
nectarivores were recorded in comparison to forest habitats. Nectarivores and
frugivores exhibit great temporal and spatial variability in distribution in response
to food availability (French et al., 2003; Price, 2004). Lack of floristic diversity
and mature trees in dryland plantations probably contributed to low flower
abundance (<10% in a survey of over 300 eucalypt plantations; Barbour et al.,
2008), rendering dryland plantations less unsuitable foraging habitat for
nectarivores and frugivores. Thus, these occurred in plantations less frequently.
The mistletoebird was a singular exception possibly due to the occurrence of
parasitic mistletoe in all habitat types. Mistletoe is a keystone species with a
significantly positive effect on species richness, as it is used by a large number of
species for food and nesting, disproportionate to their availability (Watson, 2002;
Cooney et al., 2006).The presence of mistletoe in dryland plantations may
therefore have increased the habitat value of dryland plantations for other species.
Insectivores, which make up a major portion of forest and woodland bird
assemblages (Recher, 1985), were significantly less speciose in dryland
plantations, perhaps as the result of the long history of land clearing which has led
to a decline in regional invertebrates (Recher et al., 1996). While some plantations
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may support similar numbers of invertebrates to forests, richness is often
depressed and composition dissimilar (Bonham et al., 2002; Cunningham et al.,
2005; Grove and Yaxley, 2005). Furthermore, ongoing grazing removes important
habitat features for birds, such as understorey vegetation, litter cover and coarse
woody debris (Popotnik and Giuliano, 2000; Martin and Possingham, 2005;
Kavanagh et al., 2007; Martin and McIntyre, 2007). Rough-bark foraging
insectivores such as the crested shrike tit and white-browed tree creeper were
absent from dryland plantations, and likely to remain scarce or absent throughout
the short rotation interval (10–15 years for woodchip, 20–30 years for saw-logs),
as young (4–6 year old) blackbutts are largely smooth-barked. Research carried
out in the same study area prior to plantation establishment identified remnant
Eucalyptus trees as a significant food source for nectarivores, and paddock trees
were used by hollow-dependent nocturnal fauna, reptiles, frogs, and diurnal birds
(Law et al., 2000). Other studies have recorded common woodland birds in and
around paddock trees (Fischer and Lindenmayer, 2002; Grabham et al., 2002b).
The clearing of some of these legacies for plantation establishment is likely to
have reduced the habitat quality of the plantation landscape.
Omnivores made up a greater proportion of dryland plantation
communities, while the number of granivores decreased with the replacement of
open pastures with plantation trees, consistent with the regeneration gradient
reported by Fisher (2001). These observations suggest that the vegetation
structure of dryland plantations approximates that of early to mid-seral stages of
forest development (Armstrong and Nichols, 2000; Fisher, 2001; Loyn, 2007).
Overall, dryland plantations were characterised by low diversity, and
dominance of habitat and dietary generalists, a result consistent with other studies
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(Christian et al., 1998; Greenberg et al., 2000; Zurita et al., 2006). The contrast in
habitat value of forest habitats and dryland plantations is stark. Dryland
plantations cannot conserve most forest and woodland-dependent species, and
replacement of forest habitats with plantations will create a uniform landscape of
limited resources, accompanied by a dramatic decrease in habitat and
conservation value for local and regional avifauna.
The higher number of feeding guilds and species that distinguish riparian
plantations from dryland plantations, and the presence of rough-bark foraging
insectivores, indicates the elevated habitat value and foraging opportunities
provided by riparian strips. The avian communities of riparian plantations were
closest to forests, and intermediate between dryland plantations and riparian
pastures, reflecting the influence of both riparian strips and adjacent matrix type
(Christian et al., 1998; Berg, 2002). However, avian communities in forest
habitats still had twice as many common and abundant insectivores than riparian
plantations. Plantation invertebrate are generally less diverse, with a different
assemblage to that found in native vegetation; however, some invertebrates,
including introduced species and pest species, occur in greater abundance in
plantations than native woodland (Bonham et al., 2002; Schnell et al., 2003;
Cunningham et al., 2005). The relationship between prey availability and
insectivore abundance requires further investigation.
The buffering of riparian strips provided by plantation trees reduced the
number of vertebrate eaters in riparian plantations. Such species are associated
with nest predation (Andrén, 1992; Bayly and Blumstein, 2001), potentially a
prominent concern in narrow habitats with little or no ‘core areas’, especially
within an agricultural landscape as compared to selectively-logged or
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unfragmented forest landscapes (Bayne and Hobson, 1997; Donovan et al., 1997;
Suarez et al., 1997; Major et al., 1999b; Saracco and Collazo, 1999; Eriksson et
al., 2001; Manolis et al., 2002; Piper and Catterall, 2006). Plantation trees may
also have acted as a buffer for remnant riparian vegetation from other edge effects
such as higher temperatures, weed infestation and pollution (Saunders et al., 1991;
Matlack, 1993; Murcia, 1995; Campi and Mac Nally, 2001; Weathers et al.,
2001), as observed in Pinus plantations (Piper et al., 2002; Denyer et al., 2006).
This may have expanded areas for foraging and nesting, thus allowing riparian
strips in plantations to support more forest- and woodland-dependent species and
insectivores than riparian strips in pastures.
Riparian habitats on pastures, though generally in poor condition due to a
long history of disturbances through land-clearing and grazing (Yates et al., 2000;
Ford et al., 2001; Jansen and Robertson, 2001; Lunt et al., 2007; Martin and
McIntyre, 2007), provided habitat for many species (Grabham et al., 2002a;
Hannah et al., 2007; Loyn et al., 2007). The avifauna assemblages of riparian
pastures were a diverse mix mostly of habitat generalists, open-country species
that have benefited from land clearing, and some forest- and woodland-dependent
birds retained in riparian strips, many of which were already present in the
pastoral landscape, as indicated by research in the same study area prior to
plantation establishment (Law et al., 2000). All six feeding guilds were present,
reflecting enhanced habitat heterogeneity and foraging opportunities produced by
two distinct habitats and their interface. Granivores, often positively associated
with habitat disturbances and clearing (Gray et al., 2007; Giraudo et al., 2008),
occurred in highest abundances in riparian pastures. A higher number of
vertebrate eaters were also found in this habitat type; the increase in corvids in
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mixed forest and farmland habitats have been recorded within Australia (Piper et
al., 2002), and in the Northern Hemisphere (Andrén, 1992). Conversely, riparian
pastures supported lower abundances of insectivores relative to other habitat
types, with the exception of dryland plantations. The constraint of available
habitat is a probable contributor to lower insectivore abundances in riparian
pastures. While invertebrate numbers in pastures may be similar or greater than
woodland (Bromham et al., 1999, but see Oliver et al., 2006), some species may
have been inhibited from foraging in the pastoral matrix due to lack of canopy
cover, interspecific aggression and elevated predation risks (Luck et al., 1999a).
Absence of birds in small, degraded remnants have been found to be largely the
result of loss of small insectivorous birds rather than random absence of birds
(Seddon et al., 2003). Due to the marked difference in insectivores between
forests and all other habitat types, this study further supports the use of insectivore
richness and abundance as better parameters for highlighting differences in habitat
value compared with other feeding guilds.

2.4.3 Conclusion and management implications
Native forests supported a rich array of forest- and woodland-dependent birds,
including small insectivores vulnerable to habitat fragmentation and degradation.
In contrast, commercial plantations of monocultures, especially the smoothbarked variety, were poor reservoirs of biodiversity. Proximity to native
vegetation has a positive effect on species richness and assemblage, with many
studies showing species decline or loss with increasing distance from native cover
(Hobbs et al., 2003; Lindenmayer and Hobbs, 2007). Plantation biodiversity was
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likely to be close to optimal as the study plantations were contiguous to extensive
forest cover.
Older plantations and/or those with diverse structural attributes are
generally more species-rich (Barlow et al., 2007; Fonseca et al., 2009). Short
rotation plantations may not provide habitat value similar to forests, but some
practical measures can still be implemented to protect and improve the existing
conservation potential. Stand-level habitat heterogeneity may be improved
through retention of logs and woody debris, and mature native trees for hollownesting species; protection of remnants from grazing through fencing to protect
grazing-sensitive species (Thompson et al., 2002); and planting of polycultures
including rough-barked species, to provide foraging substrate for bark-foraging
insectivores, as well as improve tree productivity and growth rate (Kelty, 2006).
Planting at lower densities or thinning can also have a positive influence (Hartley,
2002). At the landscape level, staggered, small-coupe harvesting to produce
coupes of different developmental stages, and placing older coupes contiguous to
native forests, can provide further heterogeneity for more biota (Gibbons and
Lindenmayer, 1996; Lindenmayer and Hobbs, 2004; Barbaro et al., 2008; Suzuki
and Olson, 2008).
This study highlights the importance of stand-level habitat attributes on
avian diversity and composition. The conservation value of riparian strips is
disproportionate to their area. Riparian strips in pastures and plantations retained
many birds from the regional species pool, supported a high number of forest- and
woodland-dependent species, including small insectivores, and facilitated
movement. These observations are consistent with studies that have found that
small linear remnants enhance the movement of birds (Haas, 1995; Machtản,
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1996; Kinross, 2004). The riparian strips are also of temporal and/or spatial value
for frugivores and nectarivores, which occurred in abundances similar to forest
habitats. Despite their size and history of disturbance, riparian strips in pastures
and plantations retained many birds from the regional species pool, and should be
used as a focal point in conservation. Care must be taken to not only retain and
protect existing riparian remnants, but to also augment them at plantation
establishment. A buffer zone of light-tolerant, fast-growing locally indigenous
species between plantations and riparian remnants may be useful in the
maintenance of stable microclimatic conditions within remnants, as well as
protection of remnants from damages such as windfall and dieback after harvest
(Darveau et al., 1995; Denyer et al. 2006). Recommendations of minimum
riparian width for the preservation of forest birds are largely based on North
American studies, and differ with study area (Hodges and Krementz, 1996;
Whitaker and Montevecchi, 1997; Hagar, 1999; Rottenborn, 1999; Hanowski et
al., 2003; Peak et al., 2004; Shirley, 2006). The NSW plantation code of practice
recommends a buffer of 20 m around drainage lines; this buffer was not present as
the study plantations were established before the code was enacted. There is little
knowledge of avian parameters and population viability in riparian corridors of
varying width, including the recommended buffer width, and in remnants of
varying distance to riparian zones, within a commercial plantation. Further
research is needed to better understand the extent of influence of riparian zones in
managed forests, at both the local and landscape scale.
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2.5 Appendix
The occurrence of each species in each habitat type (Dry Fr – Dryland Forests;
Rip Fr – Riparian Forests; Dry Pl – Dryland Plantations; Rip Pl – Riparian
Plantations, and Rip Pas – Riparian Pastures); including birds observed outside
the survey period, and those excluded from analyses (see footnote). Species
detected within the survey period are denoted by an asterisk (*). Species observed
outside the survey period are denoted by the symbol ^

Common name

Feeding
guild

Scientific name

Dry Fr

Rip Fr

Australian Brush-turkey

Vert Eater

Alectura lathami

*

*

Australian King Parrot

Omnivore

Alisterus scapularis

*

Australian Magpie

Vert Eater

Gymnorhina tibicens

*

Australian Wood Duck3

Dry Pl

^

Rip Pl

Rip
Pas

^

*

*

*
*

Chenonetta jubata

Australian Owlet
Insectivore

Aegotheles cristatus

Azure Kingfisher

Vert Eater

Alcedo azurea

Bar-shouldered Dove2

Granivore

Geopelia humeralis

Bassian Thrush4

Insectivore

Zoothera lunulata

Nightjar3

Black-faced Cuckoo

*

^
*

*

*

^

^

*

*

*

^

Coracina
Omnivore

Shrike

*

*

^

*

*

novaehollandiae

Black-faced Monarch2

Insectivore

Monarcha melanopsis

*

*

*

*

*

Brown Cuckoo-Dove2

Frugivore

Macropygia phasianella

*

*

*

*

*

Brown Gerygone

Insectivore

Gerygone mouki

*

*

*

*

Brown Thornbill2

Insectivore

Acanthiza pusilla

*

*

*

*

*

Brush Cuckoo

Insectivore

Cacomantis variolosus

*

*

*

*

Cicadabird

Omnivore

Coracina tenuirostris

*

*

*

*

96

Crested Pigeon

Granivore

Ocyphaps lophotes

*

Crested Shrike-tit

Insectivore

Falcunculus frontatus

Crimson Rosella4

Omnivore

Platycercus elegans

Dollarbird

Insectivore

Eurystomus orientalis

Double-barred Finch

Granivore

Taeniopygia bichenovii

*

Eastern Rosella

Omnivore

Platycercus eximius

^

^

*

Eastern Spinebill

Nectarivore

^

*

*

*

*

*

*

^

*

*
^
*

Acanthorhynchus
*

*

tenuirostris
Eastern Whipbird

Insectivore

Psophodes olivaceus

*

*

Eastern Yellow Robin1

Insectivore

Eopsaltria australis

*

*

*

Emerald Dove

Granivore

Chalcophaps indica

^

^

Fan-tailed Cuckoo2

Insectivore

*

*

*

Cacomantis
*

*

*

*

*

*

*

*

*

*

*

*

^

^

*

*

*

*

*

*

*

*

flabelliformis
Figbird

Frugivore

Sphecotheres viridis

Forest Kingfisher4

Vert Eater

Todiramphus macleayii

Golden Whistler2

Insectivore

^

Pachycephala
*

*

*

pectoralis
Green Catbird

Frugivore

Ailuroedus crassirostris

*

*

Grey Fantail1

Insectivore

Rhipidura fuliginosa

*

*

Grey Goshawk4

Vert Eater

Accipiter
novaehollandiae

Grey Shrike-thrush1

Insectivore

Koel

Frugivore

Colluricincla harmonica

*

Eudynamys
melanorhynchus
Large-billed Scrubwren

Insectivore

Sericornis magnirostris

*

^

^

Laughing Kookaburra2

Vert Eater

Dacelo novaeguineae

*

*

*

*

*

Leaden Flycatcher2

Insectivore

Myiagra rubecula

*

*

*

*

*

Lewin's Honeyeater1

Omnivore

Meliphaga lewinii

*

*

*

*

*
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Little Friarbird

Nectarivore

Philemon citreogularis

*

*

*

Phalacrocorax

Little Pied Cormorant3

*
malenoleucos
Anthochaera

Little Wattlebird

*

Nectarivore
chrysoptera

Logrunner

Insectivore

Orthonyx temminckii

Magpie-lark

Insectivore

Grallina cyanoleuca

*

Venellus miles

*

Masked Lapwing3
Mistletoebird2

*

*

Dicaeum
Frugivore

*

*

*

*

*

*

*

*

*

*

*

*

*

hirundinaceum
Noisy Friarbird

Nectarivore

Philemon corniculatus

*

*

Olive-backed Oriole2

Frugivore

Oriolus sagittatus

*

*

Pacific Black Duck3

*

Anas superciliosa

Pale Yellow Robin4

Insectivore

Tregellasia capito

Pallid Cuckoo

Insectivore

Cuculus pallidus

Peaceful Dove

Granivore

Geopelia striata

Pheasant Coucal2

Vert Eater

Centropus phasianinus

*

Pied Butcherbird

Vert Eater

Cracticus nigrogularis

*

Pied Currawong

Vert Eater

Strepera graculina

^

Purple Swamphen3

^
*

*

*
*

^

*

*

*

*

*

*

*

*

*
*

Porphyrio porphyrio
Trichoglossus

Rainbow Lorikeet

Nectarivore

*

*

*

*

*

*

haemotodus
Anthochaera
Red Wattlebird

*

Nectarivore
carunculata

Red-backed Fairy-wren4

Malurus
Insectivore

^

^

*

*

melanocephalus
Red-browed Firetail

Insectivore

Neochmia temporalis

Restless Flycatcher

Insectivore

Myiagra inquieta

^

^

*

*
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Rose Robin

Insectivore

Petroica rosea

^

*

^

^

Rufous Fantail

Insectivore

Rhipidura rufifrons

^

*

^

*

*

Rufous Whistler1

Insectivore

*

*

*

*

*

*

*

Pachycephala
rufiventris

Sacred Kingfisher

Vert Eater

Satin Bowerbird

Frugivore

Todiramphus sanctus

*

Ptilonorhynchus
*

*

^

*

*

*

*

*

*

*

violaceus
Scarlet Honeyeater1

Myzomela
Nectarivore
sanguinolenta

Shining Bronze Cuckoo2

Insectivore

Chrysococcyx lucidus

*

*

*

*

*

Silvereye2

Omnivore

Zosterops lateralis

*

*

*

*

*

Spectacled Monarch4

Insectivore

Monarcha trivirgatus

Spotted Pardalote

Insectivore

Pardalotus punctatus

^

^

*

*

*

*

*

*

Striated Heron3, 4

^
^

*
^

Butrorides striatus

Striated Thornbill

Insectivore

Acanthiza lineata

*

Superb Fairy-wren

Insectivore

Malurus cyaneus

^

Superb Lyrebird

Insectivore

^

Menura
*
novaehollandiae
Tawny Frogmouth4

Vert Eater

Podargus strigoides

^

Tawny Grassbird4

Insectivore

Megalurus timoriensis

^

Torresian Crow2

Vert Eater

Corvus orru

Varied Sitella4

Insectivore

*

*

*

*

*

*

*

Daphoenositta
^
chrysoptera

Variegated Fairywren

Insectivore

Malurus lamberti

Insectivore

Artamus leucorynchus

Insectivore

Sericornis frontalis

^

White-breasted
*

Woodswallow
White-browed
Scrubwren2

*

*

*

*

*
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White-headed Pigeon

Frugivore

Columba leucomela

Nectarivore

Melithreptus lunatus

Insectivore

Gerygone olivacea

*

White-naped
Honeyeater4

^

White-throated
*

*

*

^

^

*

*

*

Gerygone
White-throated

Cormobates
*

Insectivore
Treecreeper

*

leucophaeus

Willie Wagtail

Insectivore

Rhipidura leucophrys

Wompoo Pigeon4

Frugivore

Ptilinopus magnificus

Wonga Pigeon

Granivore

^

Leucosarcia
*

*

^

*

*

*

*

*

*

*

*

*

*

^

*

*

^

^

*

melanoleuca
Yellow Thornbill

Insectivore

Yellow-faced

Acanthiza nana
Lichenostomus

Omnivore

Honeyeater2

chrysops

Yellow-tailed Black-

Calytporhynchus
Omnivore

cockatoo

funereus

Yellow-throated
Insectivore

Sericornis citreogularis

Scrubwren

1. Species which occurred in every habitat type and every site during the
survey period (6)
2. Species which occurred in every habitat type but not every site during the
survey period (16)
3. Species that were excluded from analyses (waterbirds and nocturnal birds,
6)
4. Species that were only recorded after the survey period and therefore not
included in analyses (13)
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Chapter 3
Foraging differences in two ground-foraging insectivores
in regrowth eucalypt forests and eucalypt plantations

3.1 Introduction
Habitat clearing and associated fragmentation affect over 75% of Australia’s
native vegetation and are responsible for large-scale declines in vertebrate fauna
(Backhouse and Clark, 1995), including birds. Although only one mainland bird
species has become extinct since European arrival, decline and local extinction of
bird fauna have occurred in many regions due to broad-scale habitat loss,
fragmentation and degradation (Ford et al., 2001; Westphal et al., 2003). Recher
(1999) predicted that without changes in management, Australia would lose half
of its terrestrial avifauna in the 21st century.
The area of timber plantations is growing in Australia and they have the
potential to reforest large areas of land for economic benefits, address
environmental issues such as erosion and salinity mitigation, and to contribute to
carbon sequestration and biodiversity conservation (Lindenmayer and Hobbs,
2004; Kanowski et al., 2005). As the plantation estate is projected to reach 3
million ha by the year 2020 (DPIE, 1997), with most of the increase in the
eucalypt, or hardwood sector (NFI, 2007), a better understanding of the habitat
characteristics of eucalypt plantations and its influence on avian ecology in
comparison to forest habitats is required.
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While landscape composition and configuration determine general avian
distribution patterns at the regional level, finer-scale characteristics, such as local
vegetation structure and prey availability, have a greater influence on the
occurrence, density and reproductive success of many avian species (Braden et al.,
1997; Burke and Nol, 1998; Hagan and Meehan, 2002; MacFaden and Capen,
2002). In general, habitats with greater structural complexity and floristic
diversity are associated with higher indices of biodiversity, due to the presence of
a wide range of food, shelter and foraging substrates (Mac Nally, 1990; Donald et
al., 1998; Gabbe et al., 2002; Åberg et al., 2003). Birds experience diverse
conditions in different habitats, with concomitant changes in rates of energy gain
and expenditure that affect their current and residual fitness, and ultimately,
survival (Frey-Roos et al., 1995; Deerenberg and Overkamp, 1999). Therefore,
investigation of the foraging behaviour and time budgets of birds provides useful
information regarding habitat requirements, which may be used to predict
responses to habitat changes, and facilitate conservation (Recher et al., 1985;
Antos and Bennett, 2006). The majority of studies on the relationship between
plantations and avifauna have been conducted in the northern hemisphere,
primarily on the differences in parameters such as density, species richness,
predation level and population structure between different silvicultural treatments
(Christian et al., 1998; Barber et al., 2001; Duguay et al., 2001; Artman, 2003).
Comparative studies of the impact and conservation value of native plantations to
forest habitats have been comparatively few in the southern hemisphere (Grabham
et al., 2000a; Hobbs et al., 2003; Kavanagh et al., 2007; Loyn et al., 2007), and
the present study seeks to contribute to further understanding of this topic.
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Insectivores comprise a large proportion of the bird communities of
Australian forests and woodlands (Recher et al., 1985; Ford et al., 1986), and
many are in a state of decline, particularly ground-foragers sensitive to
anthropogenic disturbances (Garnett and Crowley, 2000; Zanette et al., 2000;
Ford et al., 2001). The purpose of this study is to investigate the behaviour and
time budget of two small ground-foraging insectivores in association with habitat
characteristics of eucalypt plantations and regrowth forests to further our
understanding of the conservation value of plantations.

The specific aims of this study are to:

1. Provide a quantitative description of the vegetation characteristics of eucalypt
plantation and forest habitats.

2. Compare the proportion of time spent on various activities by two groundforaging insectivores, the eastern yellow robin (Eopsaltria australis) and whitebrowed scrubwren (Sericornis frontalis) in plantations and native forests.

3. Provide a quantitative assessment of the foraging height and substrates used by
these species, and to use these results to determine the relative habitat value of
forest and plantation habitats.
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3.2 Methods
3.2.1 Study area
The study area was located on the mid-north coast of New South Wales, eastern
Australia, approximately 400 km north of Sydney, and 20 km inland from the
town of Port Macquarie (31°26'09"S, 152°51'48"E). The study area covered
approximately 315 km2 (circle with 10 km radius). Vegetation composition varied
throughout the study area, with moist eucalypt forests distributed on sheltered
lower to mid-slopes, and dry eucalypt forests on less fertile, stony ridges.
Characteristic dry eucalyptus species include blackbutt (E. pilularis), white
mahogany (E. acmenioides), grey gum (E. propinqua), ironbark, bloodwood and
stringybark species. The mid and lower canopy strata are generally sparser in
comparison to moist forests, and largely dominated by acacia species, herbs and
grasses (FCNSW, 1993). Moist eucalypt forests are dominated by Sydney blue
gum (E. saligna), flooded gum (E. grandis) and tallowwood (E. microcorys) in
association with other species such as turpentine (Syncarpia glomulifera) and
brush box (Lophostemon confertus). The subcanopy is characterised by rainforest
species, including bangalow palm (Archontophoenix cunninghamiana), water vine
(Cissus antarctica), and morinda (Morinda jasminoides) (Hugget, 2000), and
shrubs such as scentless rosewood (Synoum glandulosum), narrow-leaved palm
lily (Cordyline stricta) and black plum (Diospyros australis) (DEC, 2005).
Twelve sites were selected and grouped into four habitat types – dryland
forests, riparian forests, dryland plantations, riparian plantations. Riparian forests
and riparian plantations contained riparian strips, defined as having permanent
surface water, or a distinct and well-developed riparian vegetation of ferns,
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rushes, wetland or rainforest species, in association with a gully or other watercollecting feature (Bentley and Catterall, 1997). The two forest habitats contained
a mixture of dry and moist eucalypts; Riparian forests contained a greater
proportion of moist eucalypt species, and better developed understorey of
rainforest flora, while dryland forests were dominated by dry eucalypt species.
Plantation habitats were planted to blackbutt and flooded gum, although some
small remnants of native vegetation were embedded within (~30% of the site area
in riparian plantations and ~10% of the site area in two dryland plantation sites as
one site does not contain remnants). These plantations were established for sawlog production, with rotation intervals of 20–30 years. Riparian strips situated
within plantations were comprised largely of tall eucalypts and rainforest shrubs
either side of a third-order stream (approximately 3–5 m in total width), but
lacked a well-developed understorey due to grazing and movements of cattle
along the stream.
Each habitat type had three replicate sites, each 4 ha in area (200 x 200 m).
Replicate sites were chosen based on similarity in vegetation structure, floristic
composition, forest management history, and connectivity to adjacent continuous
forests. Replicate sites were arranged so that no two sites were less than 300 m
from each other, and no two sites of the same habitat type were less than 1 km
from each other. Dryland and riparian plantation sites were located in three
different land-purchase plantations established between 1998 and 2000. Reid
Plantation (101.20 ha) was connected to Bril Bril State Forest (2,364 ha). Fletcher
Plantation (333.45 ha) and Slater Plantation (100 ha) were connected to
Cairncross State Forest (5,930 ha). The plantations were established on cleared
pasture and were leased for grazing. Dryland and riparian forest sites were
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situated within Bril Bril and Cairncross State Forests, and have undergone various
logging regimes since the 1890s. They were last selectively logged between 30
and 50 years ago, and were not subject to grazing.
The climate is subtropical and strongly influenced by elevation and
distance from the coast, tending to be more temperate further inland, with higher
rainfall at higher elevations (FCNSW, 1988). Temperature ranges from 13.1 –
22.2°C (mean daily minimum to maximum) and median annual rainfall is 1407.6
mm (BOM, 2010) with about 60% of the average annual rainfall occurring in the
5 months between December and April (FCNSW, 1993).

3.2.2 Vegetation survey
Vegetation structure and tree density were quantified in the four habitat types
between February and March 2007. Before sampling was completed, a wildfire
burnt approximately 1,600 ha in Cairncross State Forest, including one riparian
forest site and two dryland forest sites: replacement sites were only available for
dryland forest habitat.
At each site, vegetation characteristics, except for tree density, were
measured from nine 5 m x 5 m quadrats centred along three 150 m long transects,
with three quadrats on each transect. Transects were spaced a minimum of 50 m
apart, and quadrats were evenly spaced along the transects. Percentage of canopy
cover at each quadrat was derived from standardised photographs (McDonald et
al., 1990). Tree density was calculated by counting all trees (including saplings
over 1 m high) within 5 m either side of the full length of the transects. The
circumference of woody plants (including trees, shrubs and saplings over 1 m in
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height) was measured and converted to diameter at breast height (DBH). The
vegetation characteristics surveyed are shown in Table 3.1.

Table 3.1 Vegetation variables, measurement units and methods used in
vegetation surveys.
Variable measured

Measurement

Method

Canopy cover

percentage (%)

Standardised photographs (McDonald et al.,
1990)

Canopy height

height (m)

Range finder

Mid-storey height

height (m)

Visual estimate

Understorey height

height (m)

Visual estimate

Shrub cover

percentage (%)

Visual estimate

Grass cover

percentage (%)

Visual estimate

Litter cover

percentage (%)

Visual estimate

Litter depth

depth (cm)

Average of 5 points, measured with a ruler

Twig cover

percentage (%)

Visual estimate

Bare ground

percentage (%)

Visual estimate

Fallen logs

percentage (%)

Visual estimate

Woody plant* density

stems per site

Count

Woody plant DBH

length (cm)

Tape measure; circumference measured and
converted to diameter

*Woody plants are defined as any vegetation taller than 1 m, including saplings.
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3.2.3 Study species
The eastern yellow robin (Eopsaltria australis) is a medium-sized insectivorous
passerine (mean length 15.5 cm, weight 20 g) of the family Petroicidae, endemic
to east and southeast Australia. Eastern yellow robins forage predominantly by
pouncing on ground invertebrates from a low perch, a strategy that may have
evolved in response to the sparse shrub and ground layer characteristic of
Australian eucalypt forests (Ford et al., 1986; Holmes and Recher, 1986). Eastern
yellow robins inhabit forests and woodlands dominated by eucalypts, but also
subtropical and temperate rainforest, and monterey pine plantations (Higgins and
Peter, 2002). Preferred habitats are characterised by a tall shrub layer with many
vertical stems on which to perch, and a dense understorey with a sparse, grassy or
minimal understorey (Higgins and Peter, 2002). They appear to be sensitive to
habitat fragmentation and isolation, seldom occurring in small forest tracts <20 ha
in size (Barrett, 1995; Watson et al., 2001). Eastern yellow robins are sedentary
and established pairs defend territories throughout the year. Breeding occurs
between July and January, with feeding of young carried out by both parents, and
occasionally related male helpers.
The white-browed scrubwren (Sericornis frontalis) is a small, groundforaging insectivore of the family Pardalotidae (mean length 12.5 cm, weight 14
g). White-browed scrubwrens are found in dense undergrowth in a diverse range
of habitats, including eucalypt forests and woodlands, rainforests, mallee,
disturbed or cleared areas with exotic flora, and gullies (Higgins and Peter, 2002).
They forage primarily by gleaning on the ground, in or beneath dense vegetation,
including shrubs, grasses, ferns, and also among fallen branches and on leaf litter.
White-browed scrubwrens are sedentary and usually hold all-purpose territories
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throughout the year. Breeding occurs between August and January, with feeding
of young carried out by both parents, and occasionally related male helpers.
Young females disperse from natal territories to breed, while young males remain
in natal or neighbouring territories (Higgins and Peter, 2002).

3.2.4 Bird survey and behaviour sampling
To determine the relative abundance of the two target species in the different
habitat types, surveys were conducted between November and December 2004.
Five surveys were conducted at each site between 0600 and 1000 hours on days of
dry weather and little or no wind. Transects of 200 m were used, and four 10minute point counts were incorporated into the survey at 0 m, 50 m, 100 m, and
150 m, to increase the chance of detection. Birds detected 25 m either side of
transects were recorded for one hour.
Behavioural data were collected for both study species in the four habitat
types over two time periods: Jan 2006 – March 2006, and July 2006 – Feb 2007.
Sites were visited between 0700 and 1200 hours, on days of dry weather with
little or no wind, and only one site was visited per day. Individually identified
birds were followed continuously by the observer, and a tape recorder was used to
record the location, height, vegetation substrate, and behaviour of the focal
individual. Behavioural categories were classified as calling, feeding, flying,
hopping, nesting, perching (on trunks or stems), preening, sitting (on branches)
and vigilance. White-browed scrubwrens often forage by hopping on or near the
ground, and as it was difficult to differentiate feeding from hopping, both feeding
and hopping data were pooled for analysis of foraging. Similarly, sitting and
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perching – to the exclusion of other activities such as preening – were both
incorporated into foraging data for the eastern yellow robin as such behaviour
often precedes a predation event. Where possible, a minimum of 20 observations
made on separate days was made in each replicate site.

3.2.5 Data analysis
Differences in habitat characteristics across the four habitat types were analysed
using ANOSIM (Analysis of Similarities) based on normalised Euclidean distance
in PRIMER (Clarke and Warwick, 1994). Draftsman’s plots were generated for
the ten vegetation variables surveyed (Table 3.1). Highly-correlated variables (r
values greater than + 0.7) were removed and the remaining variables analysed
with PCA (Principal Components Analysis). Vegetation variables for principal
components with eigenvalues greater than one were considered. Variables with
loadings between 0.4 and 0.6 were considered to be moderately correlated with
the component, and variables with loadings greater than 0.6 were considered to be
strongly correlated with the component (Keough, 2002).
Nested ANOVA (analysis of variance) was used to compare the density of
woody plants among habitat types. Woody plants were then divided into size
classes in increments of 10 cm DBH (e.g. 1–10 cm, 10–20 cm etc), and each size
class was compared among habitat types by individual nested ANOVA to
determine where any differences lay.
Variation in the abundance of the target species in response to different
habitat types was analysed with General Linear Models; time spent on each of the
10 behavioural categories was calculated as a proportion of the total observation
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time, and analysed by individual nested ANOVA. Percentage time spent on
different vegetation substrates and different height levels were also analysed by
ANOVA. Height (m) was divided into four categories for analysis: 0.1–1 m, 1–2
m, and 2–5 m, and greater than 5 m. All post hoc analyses were carried out using
Tukey’s HSD test.

3.3 Results
3.3.1 Variation in woody plant size
In all habitats, woody plants with small diameters predominated, however, the
distribution of woody plants differed between habitat types. Forest habitats had a
greater number of trees with larger DBHs than plantation habitats. In contrast,
there was a sharp decline in the abundance of woody plants beyond 30 cm DBH
within plantation habitats (Fig. 3.1). Within small remnants in dryland plantations,
native woody plants were recorded only in the 1–50 cm DBH categories. In
contrast, riparian plantations supported native woody plants ranging from 1 cm to
130 cm DBH. Between the two plantation habitats, the proportion of plantation
trees did not differ in any of the size classes, nor did the proportion of remnant,
native trees. Although surveys in dryland plantations recorded only one tree
greater than 50 cm DBH, no significant difference was found in the number of
woody plants in different size classes across all habitat types, likely due to the
paucity of trees in larger size classes (Table 3.2).
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Fig. 3.1 Mean number of trees (log-transformed) and Diameter at Breast Height
(DBH) in increments of 10 cm for dryland forests (black), riparian forests (open
white), dryland plantations (striped) and riparian plantations (grey).
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Table 3.2 Analysis of variance results testing for differences in tree density, in 10
cm size classes ranging from 1 to 130 cm DBH: across all habitat types; on native
vegetation within dryland and riparian plantations; and on plantation trees in
dryland and riparian plantations. P value < 0.05 denotes a significant difference in
tree density across habitat types.
All habitat types
(d.f. = 3, 7)

P

Native vegetation in
plantation habitats
(d.f. = 1, 4)

Plantation trees in
plantation habitats
(d.f. = 1, 4)

F

P

F

P

DBH (cm)

F

1-10

1.829 0.230

0.769

0.430

0.120

0.746

10-20

2.228 0.173

0.302

0.612

0.098

0.770

20-30

1.974 0.207

0.382

0.570

0.142

0.725

30-40

2.857 0.114

0.251

0.643

0.303

0.611

40-50

2.691 0.127

0.517

0.512

50-60

4.327 0.051

5.349

0.082

60-70

2.572 0.137

70-80

0.383 0.769

80-90

0.482 0.705

90-100

0.585 0.644

100-110

0.848 0.510

110-120

1.909 0.217

120-130

2.523 0.141
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Although the number of woody plants in 10 cm DBH size classes (1–130
cm) did not differ significantly across habitat types, the number of trees greater
than 50 cm DBH differed among habitat types (F3, 7 = 4.675, P = 0.043). Riparian
forests had the greatest proportion of large trees, significantly greater than that
found in dryland plantations (P = 0.032). Dryland forests and riparian plantations
shared a similar density of trees greater than 50 cm DBH, which were
intermediate between riparian forests and dryland plantations (Fig. 3.2). In
general, plantation habitats lacked large, mature trees, with the exception of a few
large native trees retained in the riparian strips of riparian plantations. The
retention of large, mature trees in riparian zones was the result of management
policies aimed at protecting the drainage system from disturbance and erosion.

Mean number of trees >50 cm DBH per ha

500

a

450
400
350
300
250
200

ab

150

ab

100

b

50
0
Dryland Forests

Riparian Forests

Dryland Plantations

Riparian Plantations

Habitat type

Fig. 3.2 Mean number of trees greater than 50 cm DBH per hectare (+ s.e.) across
habitat types. Values with the same letter are not significantly different.
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3.3.2 Vegetation structure
The four habitat types differed significantly in structure (ANOSIM: Global R =
0.579. P = 0.001). Mid-storey height, understorey height, litter cover and grass
cover were found to be strongly correlated with each other (r > 0.7), and all
variables except litter cover were removed from further analysis. Principal
Components Analysis (PCA) conducted on the remaining variables produced
three components with eigenvalues greater than one explaining more than 70% of
the total variance (Table 3.3). Canopy cover (-ve), shrub cover (-ve), litter cover (ve) and fallen logs (-ve) contributed moderately to component 1. Twig cover (-ve)
contributed strongly to component 2 and bare ground (+ve) contributed strongly
to component 3 (Table 3.3).
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Table 3.3 Eigenvalues and cumulative percentage variance of the three principal
components based on structural differences in the four habitat types. Correlations
of each vegetation variable to each principal component; moderate (0.4–0.6)
correlations and high correlations (> 0.6) are highlighted in bold.
Variable

PC1

PC2

PC3

Eigenvalue

2.90

1.14

1.02

% variation

41.4

16.3

14.6

Canopy cover (%)

-0.477

-0.075

0.008

Shrub cover (%)

-0.450

0.134

-0.142

Litter cover (%)

-0.516

-0.316

-0.028

Litter depth (cm)

-0.339

0.162

0.176

Twig cover (%)

0.036

-0.914

-0.009

Bare ground (%)

0.155

-0.07

0.897

Fallen logs (%)

-0.404

0.099

0.380

Forest and plantation habitats were easily distinguished along the axis of
principal component 1 (Fig. 3.3a) as forest habitats have more canopy, shrub,
litter and log cover than plantation habitats. Dryland and riparian forest sites were
distinguished along axis 2, with more twig cover in the latter habitat (Fig. 3.3b).
Bare ground was positively correlated to principal component 3. Dryland forest
and riparian plantation sites were evenly spread out along axis 3, indicating a
range of variability in percentage bare ground among the replicate sites (Fig.
3.3c). Riparian forests and dryland plantation sites corresponded negatively to
principal component 3, indicating less bare ground cover compared to the other
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two habitats. These results were reflected in the average proportion of ground
substrates in different habitat types (Fig. 3.4). Forest habitats were more abundant
in litter and logs; twigs were more abundant in riparian forests than dryland
forests, while grass and bracken fern dominated plantation habitats.
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Fig. 3.3 PCA scaling (ordination) plot for a) principle components 1 and 2, b)
principle components 2 and 3, and c) principle components 1 and 3 of dryland
forests, riparian forests, dryland plantations and riparian plantations.
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Fig. 3.4 Average proportion cover for fallen logs (white), bare ground (dark grey),
twig cover (striped), litter cover (light grey) and grass cover (black) – in forest
and plantation habitats.

3.3.3 Presence and abundance of the two ground-foraging birds
Eastern yellow robins were present in similar abundances in each habitat type
(mean 1.95 +1.35 s.d.), and were recorded in all replicate sites (F4, 10 = 2.591, P =
0.101). White-browed scrubwrens were also present in all habitat types (mean 0.5
+ 0.89 s.d.); however, they were not recorded in two of the three dryland
plantation replicate sites during the survey period (Fig. 3.5). Analysis of
abundance revealed a significant difference across habitat types (F4, 10 = 4.050, P
= 0.033), with significantly fewer scrubwrens in dryland plantations in
comparison to riparian plantations (P = 0.038).
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Fig. 3.5 Mean number (+ s.d.) of (a) eastern yellow robins and (b) white-browed
scrubwrens in forest and plantation habitats.

3.3.4 Activity budget of eastern yellow robins
The total observation time over two seasons was comparable among dryland
forests, dryland plantations, and riparian plantations. However, observation time
in riparian forests was approximately one-third of the other habitat types, despite
similarities in search effort (Table 3.4).
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Table 3.4 Eastern yellow robin (EYR) presence as a proportion of total visits;
total observation time (min); and mean observation time per visit (min) with
standard deviation in the four habitat types (d.f. = 3, 8).
EYR
present/visits

Total obs. time Mean obs. time per visit
(min)
(min + s.d.)

34/35 (0.97)

429.75

14.07 (15.73)

Riparian Forests 24/31 (0.77)

141.88

4.73 (4.94)

Dryland
Plantations

32/36 (0.89)

504.33

14.83 (27.13)

Riparian
Plantations

33/34 (0.97)

521.1

15.33 (12.97)

Dryland Forests

Eastern yellow robins spent similar amounts of time undertaking each of
nine behaviours in almost all habitat types, indicating their capacity to maintain
typical behaviour despite changes in vegetation structure and composition.
Perching on trunks and stems was the only behavioural category that differed
among the four habitat types (F3, 8 = 4.903, P = 0.032; Table 3.5).
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Table 3.5 Mean proportion of time (and standard error) spent by eastern yellow
robins on nine behaviours in the four habitat types. Where a significant difference
was found among habitat types, the F and P values are highlighted in bold (d.f. =
3, 8).
Habitat LS means (s.e.)

F

P

Behaviour

Dryland
Forests
(n = 35)

Riparian
Forests
(n = 30)

Dryland
Plantations
(n = 34)

Riparian
Plantations
(n = 34)

Calling

0.376 (0.298)

0.545 (0.322)

1.151 (0.302)

0.377 (0.302)

1.926

0.204

Feeding

0.033 (0.010)

0.006 (0.010)

0.013 (0.010)

0.008 (0.010)

1.500

0.287

Feeding young

0.001 (0.004)

0.000

0.000

0.008 (0.004)

0.0001

1.000

Flying

0.044 (0.007)

0.040 (0.007)

0.026(0.007)

0.033(0.007)

1.000

0.441

Foraging

0.057 (0.015)

0.046 (0.016)

0.052 (0.015)

0.050 (0.015)

0.0001

1.000

Hopping

0.021 (0.007)

0.013 (0.007)

0.022 (0.007)

0.019 (0.007)

0.500

0.692

Perching

0.202 (0.024)

0.131 (0.026)

0.060 (0.024)

0.057 (0.024)

4.903

0.032

Preening

0.029 (0.011)

0.014 (0.012)

0.037 (0.011)

0.017 (0.011)

1.000

0.441

Sitting

0.385 (0.062)

0.388 (0.067)

0.532 (0.063)

0.527 (0.063)

0.549

0.663
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Post hoc analysis with Bonferroni adjustment suggests that eastern yellow
robins in dryland forests spent more time perching on trunks and stems in
comparison to robins in both dryland plantations (P = 0.072) and riparian
plantations (P = 0.074), with birds in riparian forests perching for an intermediate
proportion of time (Fig. 3.6a). Conversely, robins spent more time sitting on
branches in plantation habitats than forest habitats, although differences were not
significant (F3, 8 = 3.802, P = 0.058; Fig. 3.6b).

a)

Proportion of time perching
on trunks and stems

0.25

0.2

0.15

0.1

0.05

0
Dryland Forests

Riparian Forests

Dryland Plantations

Riparian Plantations

Habitat type

124

b)

Proportion of time spent sitting on branches

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0

Dryland Forests

Riparian Forests

Dryland Plantations Riparian Plantations

Habitat type

Fig. 3.6 Mean proportion of time (+ s.e.) eastern yellow robins spent (a) perching
on trunks and stems, and (b) sitting on branches in forest and plantation habitats.

Amongst habitat types, no significant difference was found in the
proportion of time spent at different height levels for all activities combined
(Table 3.6). Analysis of the height at which robins foraged revealed a significant
difference in the proportion of time spent at the 1–2 m height stratum, and
Tukey’s HSD analysis suggests there is a trend for greater usage of this height
stratum within riparian plantations in comparison to dryland forests (P = 0.054).
Eastern yellow robins in different habitat types exhibited similar usage patterns of
foraging strata, spending the most time between 2 m and 5 m, followed by 1–2 m,
0–1 m and the least time at 5 m or above (Fig. 3.7). Eastern yellow robins also
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spent time on miscellaneous substrates such as logs, stags and stumps, but no
difference was found amongst habitat types (F3, 8 = 0.804, P = 0.526).

Table 3.6 Analysis of the proportion of time spent on different height strata for
the eastern yellow robin: foraging and all activities combined. Where a significant
difference was found among habitat types, the F and P values are highlighted in
bold. (d.f. = 3, 8).
Height strata (m)
0–1
1–2
2–5
>5

Foraging
F
0.386
4.342
0.309
1.586

P
0.766
0.043
0.818
0.267

All activities combined
F
P
0.109
0.952
3.6
0.065
0.827
0.515
3.667
0.063

0.5

Proportion of time

0.4

0.3

Dryland Forests
Riparian Forests
Dryland Plantations
Riparian Plantations

0.2

0.1

0
0-1 m

1-2 m

2-5 m

>5 m

Height strata

Fig. 3.7 Mean proportion of time (+ s.e.) spent at different height levels (m) by
foraging eastern yellow robins.

126

3.3.5 Activity budget of white-browed scrub-wrens
There was no significant difference in observation time among habitat types (F3, 8
= 1.801, P = 0.225), however, both total and mean observation time was greater in
riparian plantations (Table 3.7).

Table 3.7 White-browed scrubwren (WBS) presence as a proportion of total
visits; total observation time (min); and mean observation time per visit (min)
with standard deviation in the four habitat types (d.f. = 3, 8)

Dryland
Forests
Riparian
Forests
Dryland
Plantations
Riparian
Plantations

WBS
present/visit

Total obs. time
(min)

Mean obs. time per visit
(min/day + s.d.)

23/36 (0.64)

68.7

2.99 (4.20)

21/31 (0.68)

40.7

1.94 (1.73)

12/36 (0.33)

26.53

3.94 (4.19)

31/34 (0.91)

161.43

5.04 (5.71)

A significant difference in the percentage time spent calling was found
among habitat types (Table 3.8), and Tukey’s HSD suggests that scrubwrens in
riparian plantations spent more time calling than conspecifics in dryland and
riparian forests (P = 0.076; Fig. 3.8a). White-browed scrubwrens spent more time
foraging in forest habitats than plantation habitats, significantly more so in
riparian forests in comparison to riparian plantations (F3, 8 = 6.712, P = 0.014; Fig.
3.8b).
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Table 3.8 Mean proportion of time (and standard error) spent by white-browed
scrubwrens on nine behaviours in the four habitat types. Where a significant
difference was found among habitat types, the F and P values are highlighted in
bold. (d.f. = 3, 8).
Behaviour Habitat LS means (standard error)

F

P

Dryland
Forests
(n = 22)

Riparian
Forests
(n = 20)

Dryland
Plantations
(n = 13)

Riparian
Plantations
(n = 32)

Calling

0.198
(0.060)

0.161
(0.063)

0.157
(0.079)

0.361
(0.051)

5.952 0.020

Feeding

0.013
(0.007)

0.011
(0.008)

0.027
(0.010)

0.002
(0.006)

1.000 0.441

Flying

0.028
(0.032)

0.021
(0.034)

0.061
(0.043)

0.094
(0.027)

2.000 0.193

Foraging

0.470
(0.070)

0.631
(0.074)

0.261
(0.094)

0.243
(0.060)

6.712 0.014

Perching

0.023
(0.014)

0.024
(0.015)

0.064
(0.019)

0.019
(0.012)

0.250 0.859

Preening

0.001
(0.013)

0.030
(0.013)

0.063
(0.017)

0.010
(0.011)

3.000 0.095

Sitting

0.154
(0.086)

0.068
(0.090)

0.332
(0.114)

0.376
(0.073)

1.521 0.581
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Fig. 3.8 Mean proportion of time (+ s.e.) white-browed scrubwrens spent (a)
calling and (b) foraging in four habitat types. Values with the same letter are not
significantly different.
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White-browed scrubwrens spent similar proportions of time at different
height levels in all habitat types. On average, more than 80% of foraging activities
were carried out in the 0–1 m category, followed by 1–2 m. White-browed
scrubwrens were rarely observed at heights greater than 2 m (Table 3.9).
White-browed scrubwrens were found significantly more often in bracken
fern or grass in plantation habitats than forest habitats (F3, 8 = 4.762, P = 0.035),
particularly in riparian plantations. Although Tukey’s HSD tests were not
statistically significant, there appeared to be a trend for greater usage of branches
in plantation habitats (F3, 8 = 3.962, P = 0.053), while significantly more time was
spent on ‘miscellaneous’ ground substrates (a complex of minor substrates
including rock, vine, thicket, stumps and bark) in riparian forests than in any other
habitat type (F3,

8

= 10.612, P = 0.004). No white-browed scrubwrens were

recorded on logs in dryland plantations. This usage pattern reflects the relative
availability of substrates of each habitat type.
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Table 3.9 Mean proportion of time (with standard error) white-browed
scrubwrens spent foraging at different height levels in the four habitat types (d.f. =
3, 7).
Dryland
Forests
(n = 23)

Riparian
Forests
(n = 21)

Dryland
Plantations
(n = 9)

Riparian
Plantations
(n = 32)

F

P

0–0.1 m

0.743
(0.083)

0.270
(0.089)

0.189
(0.114)

0.477
(0.081)

2.772

0.120

0.1–1 m

0197
(0.070)

0.538
(0.104)

0.522
(0.133)

0.351
(0.075)

2.174

0.179

0–1 m

0.940

0.808

0.711

0.828

1–2 m

0.060
(0.059)

0.115
(0.062)

0.223
(0.116)

0.088
(0.440)

0.320

0.811

>2m

0.000
(0.000)

0.063
(0.063)

0.066
(0.036)

0.085
(0.047)

0.386

0.767

3.4 Discussion

3.4.1 Vegetation characteristics of forests vs. plantations
Regrowth forests over 30 years old differed from eight to ten year old plantation
habitats in having more structural complexity through greater canopy, shrub and
litter cover, as well as more logs on the ground. This is consistent with the
findings of Turner and Lambert (2002) – young plantations have lower litter fall
inputs (7.8 t ha-1 year-1 at 15 years, cf. 11.6 t ha-1 year-1 in undisturbed regrowth
forest > 20 years old) and forest floor biomass (12.3 t ha-1 at 33 years, cf. 18 t ha-1
for regrowth forests) compared to regrowth forests, as litter fall inputs and forest
floor biomass are related to foliage biomass and basal area. Plantations have been
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found to accumulate organic matters with time for at least 30 years (Turner and
Lambert, 2002); the study plantations were established for sawlog production,
with a rotation length of 20-30 years, and hence more time for litter build-up.
However, eucalypt plantations in Australia are primarily planted for pulpwood
production (NFI, 2007), and are unlikely to exceed a rotation length of 15 years
(Eldridge et al., 1994, p. 199; Wei and Xu, 2003 p. 26), thereby curtailing the
accumulation of plantation litter fall and floor biomass. Litter supports a wide
variety of invertebrate prey involved in decomposition; it is the most frequently
used substrate for ground foragers – more than in proportion to its availability –
and an important substrate for a wide variety of foraging actions (Antos and
Bennett, 2006). Logs, which were found in greater abundance in forest habitats
than in plantation habitats, also influence invertebrate composition in the litter
layer through provision of physical resources such as shelter, and nutrient and
chemical exchange with surrounding litter (O’Connor, 1991; Evans et al., 2003).
The lower quantity of logs and litter cover in plantation habitats is, therefore,
likely to have an effect on the food availability and foraging efficiency of groundforaging insectivores.
Several factors may have contributed to the lower shrub cover recorded in
plantation habitats: the long history of clearing and lack of remnant vegetation
prior to plantation establishment; infestation of the invasive Imperata cylindrica
which impedes colonisation of other plants (MacDonald, 2004); and cattlegrazing, which has been shown to alter and reduce vegetation structure and
floristic composition, as well as inhibit recruitment and retard sapling growth
(Donald et al., 1998; Fensham and Skull, 1999; McIntyre et al., 2003; Martin and
Possingham, 2005).
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3.4.2 Height strata and substrate use by two ground-foraging insectivores
Vegetation structure, forest age and avian ecology are inter-related factors (Fisher,
2001; Martin et al., 2004; Kavanagh et al., 2007). The difference in vertical and
horizontal structure between forest and plantation habitats resulted in some small
changes in the use of height strata and substrate in the two ground-foraging
insectivores although overall behavioural differences were small. For the eastern
yellow robin, the pattern of height strata usage did not differ amongst habitat
types, either for all activities combined or for foraging alone. In all habitat types
the robins spent most time between 2 m and 5 m, followed by 1–2 m, 0–1 m and
greater than 5 m, a pattern closely matching that found in a previous study on the
foraging height of robins (Higgins and Peter, 2002).
Eastern yellow robins spent more time perching on trunks and stems in
forest habitats than plantation habitats, and made greater use of branches in
plantation habitats. Forest habitats are characterised by many eucalypt species
with rough, ridged bark, while plantations are planted to ‘half-barked’ species
which has rough, fibrous bark on the lower trunk and smooth upper trunk and
branches (Brooker and Kleinig, 1996). Time spent perching on trunks and stems
reflects the greater availability of vertical perches, including rough-barked trees,
within forest habitats, as robins appear incapable of perching on smooth-barked
tree trunk. Related ground-pouncing foragers such as the scarlet robin (Petroica
multicolor), flame robin (Petroica phoenicea), and the hooded robin
(Melanodryas cucullata) are all capable of changing feeding method, substrate,
height and use of plant species depending on season and plant phenological events
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(Robinson, 1992; Cale, 1994; Fitri and Ford, 2003 but see Antos and Bennett,
2006), indicating some flexibility in their behavioural repertoire. Recher et al.
(2002) reported on five Australian robins that exhibited more similar foraging
ecology to each other within the same habitat than to conspecifics in different
habitats, which illustrates the strong influence of habitat characteristics on
foraging behaviour. However, perching height affects the attack distance and the
size of prey that can be detected, and the smooth trunks of plantation trees which
preclude robins from perching are likely to decrease vantage points or areas from
which robins may scan for prey close to or on the ground, potentially contributing
to greater foraging effort for robins in plantation habitats.
White-browed scrubwrens carried out most activities in the 0–1 m height
category, at a proportion similar to that reported by Higgins and Peter (2002): 71–
94% cf. 70–90% for this study. Although no significant difference was found in
the proportion of usage of different height strata amongst habitat types, whitebrowed scrubwrens in dryland plantations spent the least time in the 0–1 m
category and the most time in the 1–2 m category in comparison with other habitat
types, possibly due to lower litter and log cover, and invasion of grasses such as
Imperata cylindrica in some areas of dryland plantation sites (personal
observation). Such an explanation is probable, as white-browed scrubwrens
foraged more in the substrate that predominated in the habitat type: in bracken
fern, grass and shrubs in plantations (particularly riparian plantations), and on
ground substrates such as litter, rocks, vines, etc in riparian forests. Logs were
scarce in plantation habitats and no scrubwrens were recorded on this substrate in
dryland plantations. Results of the present study suggests that white-browed
scrubwrens are capable of utilising a large range of substrates in accordance with
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availability, a trait that allows this species to inhabit disturbed and modified
habitats from suburban parks and gardens, pine plantations, to introduced plants
along creeksides when the surrounding country has been cleared (Higgins and
Peter, 2002). The limited flexibility in foraging height is consistent with results
from a comparative study on the foraging ecology of ground-foragers, which
found that species differed mostly in substrate use, but not foraging height or
actions both within and between habitats (Antos and Bennett, 2006). Despite the
ability of white-browed scrubwrens to exploit a range of substrates, limitation in
utilisable substrates, particularly those associated with habitats of higher quality,
may result in increased energy expenditure per unit search or foraging effort.

3.4.3 Density and behaviour of the two ground-foraging insectivores
The initial survey indicated that the eastern yellow robin is common in all
habitat types, and in similar densities (mean 1.95 + 1.35 s.d.). Avian presence,
however, is not always a good indicator of habitat quality. For example, Zanette et
al. (2000) found twice as many eastern yellow robins in small fragments despite
significantly lower prey biomass. Lower prey biomass, in turn, had an impact on
the length of their breeding season, egg mass, nestling quality and provisioning
rate. Breeding females also received less food from their mates, necessitating the
need to forage more often, potentially increasing their predation risk (Götmark et
al., 1997; Post and Götmark, 2006). Subsequent observations revealed that robins
were present regularly in two of three dryland plantation sites, although largely
limited to remnant vegetation (Chapter 4), with no residents in the third replicate
site. The single dryland plantation replicate where robins were frequently absent
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contained a large proportion of Imperata cylindrica, a widespread invasive
species that forms tall, dense, extensive mats eschewed by livestock (MacDonald,
2004). Imperata cylindrica infestations obscured the ground and are likely to have
impeded the movement and prey detection capability of the eastern yellow robin,
an effect also observed in the American robin (Turdus migratorius) in tall dense
vegetation (Elchuk and Wiebe, 2002). Although eastern yellow robins could shift
their behaviour in response to different habitat characteristics, it appears that they
are unable to utilise habitat infested with Imperata cylindrica. Another common
weed, lantana (Lantana camara L.), provided some habitat value for robins, as
both adults and fledglings were observed sheltering under lantana thickets.
Lantana, originally from tropical and subtropical America, is a weed of national
significance, having infested more than 4 million ha of eastern Australia, from
New South Wales to Queensland, as well as Torres Strait Islands, Northern
Territory, and Western Australia (Qld PI&F, 2009). Lantana is a serious weed in
commercial plantations; it competes with seedling for light and nutrients, raises
production costs, increases risks of fire, and impedes access. Although it can offer
shelter to native wildlife such as bandicoots, wrens and brush turkeys, it could
also become refuge for feral predators such as cats and foxes; unchecked, lantana
can replace native understorey and prevent regeneration (NSW Agriculture, 2003;
Qld PI&F, 2009). As only small thickets of lantana were observed in the study
sites, their negative impact was likely to be limited.
Dryland plantations appeared to be suboptimal habitat for the whitebrowed scrubwren, as suggested by the lower densities and lack of residency
(mean = 0.5 + 0.89 s.d.). White-browed scrubwrens in dryland plantations were
absent in one-third of observation sessions, in spite of similar search effort in all
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habitat types; lower habitat quality may also explain the lower foraging rate found
in this habitat type. This suggests that changes in habitat structure affected density
to a greater extent than behaviour, and large areas of dryland plantations may be
unsuitable for white-browed scrubwrens. In one of the dryland plantation sites, a
single white-browed scrubwren was recorded on the last of 13 visits, at the edge
of the plantation site, in close proximity to remnant vegetation outside the stand.
Observation data from the same study sites (Chapter 4) indicate that white-browed
scrubwrens spent significantly more time amongst remnant vegetation than
plantation trees in both dryland and riparian plantations. The greater structural and
floristic diversity of native remnant vegetation is likely to offer food resources and
cover from predators lacking in the plantation environment. The low rate of
presence and limited observation data obtained from dryland plantations contrasts
with that of riparian plantations. Riparian strips are generally situated on more
fertile soil, and are associated with greater productivity and resource availability
(Bentley and Catterall, 1997; Woinarski et al., 2000; Allen et al., 2006). Thus,
riparian plantations may regularly have met the threshold of habitat requirement
for white-browed scrubwrens.
The two insectivores seemed to differ in their response to dryland
plantations in terms of density and residency. Fitness and foraging behaviour is
associated with a trade-off between energy gain, expenditure, competition and
predation risk (Abrams, 1993; Frey-Roos et al., 1995; Deerenberg and Overkamp,
1999; Naef-Daenzer et al., 2000; Elchuk and Wiebe, 2002; Bakermans and
Rodewald, 2006), and these factors, which have strong influences on current and
residual fitness, may have contributed to the low density and/or frequent absence
of white-browed scrubwrens from dryland plantations.
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Prey biomass and availability are important determinants of foraging
efficiency and affect reproductive success (Houston, 1993; Lemon and Barth,
1992; Sanz and Moreno, 1995; Suhonen et al., 1994; Deerenberg and Overkamp,
1999; Zanette et al., 2000; Bruun and Smith, 2003). Although an invertebrate
survey was not conducted in this study, reduced abundance and diversity of
certain invertebrates has been described in both eucalypt plantations (Bonham et
al., 2002; Cunningham et al., 2005) and small forest fragments (Zanette et al.,
2000), which, due to a large area-to-perimeter ratio, are also more prone to suffer
from edge effects such as increased light and desiccation that adversely affect
litter invertebrates (Gibbs 1988 from Burke and Nol, 1998; Matlack, 1993;
Didham et al., 1996). Antos and Bennett, (2006) reported leaf litter as the most
used ground substrate in the temperate woodlands of southern Australia, more
frequently than its proportional cover. Young plantations may have lower
abundances of litter invertebrates due to lower litter cover compared to older
forested areas. Furthermore, plantations sites were subjected to cattle grazing, an
activity associated with declines in avian richness and abundance through
alteration in vegetation cover and structure. The removal of understorey
vegetation particularly affects small-bodied understorey specialists (Popotnik and
Giuliano, 2000; Recher et al., 2002; Martin and Possingham, 2005).
Predation risk may be another reason for lower ground-insectivore
abundance in plantation habitats, as many corvids, which are known nest
predators (Andrén, 1992; Major et al., 1999b), occur in greater abundance in
plantation habitats (Chapter 2). However, it is difficult to separate foraging from
vigilance in the field, as birds possess peripheral myopia, a specialised visual
adaptation that allows birds to keep objects on or near the ground in focus while
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monitoring the horizon for predators (Hodos and Erichsen, 1990), so they are
capable of predator detection even when they are not overtly vigilant (Lima and
Bednekoff, 1999). White-browed scrubwrens appeared to be more alert in riparian
plantations, calling more in this habitat type than others. The trill calls of whitebrowed scrubwrens are used to alert conspecifics to the presence of predators
(Leavesley and Magrath, 2005), and scrubwrens may have called more often in
riparian plantations due to greater predation risks and/or less cover from potential
predators. It is conceivable that elevated cost to fitness may have caused the
white-browed scrubwren to avoid, or emigrate from dryland plantations.

3.5 Conclusion
The allocation of foraging time and height for the eastern yellow robin and the
white-browed scrubwren remained similar amongst habitat types and conformed
to previous research. However, both species exhibited some behavioural
flexibility in their use of foraging substrates. There were no major shifts in
behaviour, however, lower density and frequent absence of white-browed
scrubwrens in dryland plantations and eastern yellow robins in weed-infested
areas suggests that plantation habitats pose greater survival risks than forest
habitats.
Studies have identified a heterogeneous ground mosaic with litter, bare
ground, fallen timber and ground vegetation such as grass and herbs to be
essential for a rich assemblage of ground-foraging species; furthermore, additional
microhabitat features such as dead branches and logs in the appropriate position
and height are required to facilitate prey location by ground-pouncing species

139

such as robins (Recher, et al. 2002; Antos and Bennett, 2006). Although large
plantation estates contiguous to regrowth forests may appear to be suitable habitat
in terms of tree cover and connectivity at the landscape scale, they lack the degree
of heterogeneity in vertical and horizontal covers found in forest habitats, and are
likely to be suboptimal at the microhabitat scale. As plantations are leased for
grazing to reduce fire risk, complete livestock exclusion is not a viable policy.
Kavanagh et al. (2005) reported similar numbers of bird species in small remnants
(< 5–20 ha) and eucalypt plantations > 10 years old, with bird species richness
increasing with remnant size. Retention of remnants, particularly large remnants,
and those in close proximity to other remnants including riparian zones, should be
a priority in plantation management.
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Chapter 4
Territory characteristics of a forest-dependent songbird
in eucalypt plantations and forests of eastern Australia

4.1 Introduction
Habitat selection is a hierarchical process that occurs over multiple scales
(Holmes et al., 1996; Jones and Robertson, 2001). Selection occurs first at the
regional scale, reflecting the geographical range of the species (first-order
selection). This is followed by assessment of landscape-scale features that provide
opportunities for territory formation (second-order selection), and finally,
preferential use of the various features within the territory (third-order selection)
(Saab, 1999; Howell et al., 2000; Jones, 2001; Johnson, 1980 from Githiru et al.,
2007).
Selection of a suitable habitat has a direct influence on the fitness and
reproductive success of individuals. Territory characteristics such as size, shape
and composition, as well as territory fidelity, reflect inter-related patterns of
predation risks; food availability and distribution associated with habitat type and
vegetation structure, (Andersson, 1978; Conner et al., 1986; Smith and Shugart,
1987; Breininger et al., 1995; Badyaev et al., 1996; Nowald, 1999; Michel et al.,
2010; Parejo and Avilés, 2010); as energy expenditure associated with mate
attraction; inter- and intraspecific competition; and territory defence (Both and
Visser, 2000; Barg et al., 2006; Doerr et al., 2006; Maguire, 2006). Variability in
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territory characteristics among conspecifics can also be attributed to the age,
experience, and physiological condition of the individual (Badyaev et al., 1996;
Holmes et al., 1996; Barg et al., 2005; Mack and Clark, 2006; Maguire, 2006;
Eikenaar et al., 2008). Older birds are more experienced in territory acquisition,
defence, nest-building and foraging, and may require smaller territories to fulfil
their needs (Mannan and Boal, 2000; Mack and Clark, 2006).
There is generally a negative correlation between territory size and habitat
quality as a function of vegetation structure and density (Smith and Shugart, 1987;
Brooker and Rowley, 1995). Many species show a strong preference for certain
structural characteristics that balance their need for food, shelter and safety
(Poulsen et al., 1998; Jones and Robertson, 2002; Muchai et al., 2002). Among
conspecifics, larger territory size can have a positive effect on reproductive
success (Brooker and Rowley, 1995) and recruitment rate (Wilkin et al., 2006) in
populations regulated by density-dependent processes such as local density and
competition, and are more likely to be held by older, more experienced
individuals (Maguire, 2006). Thus, territory size reflects individual fitness as well
as various environmental pressures.
In a homogeneous environment, models of optimal home ranges propose
that the optimal territory shape is round for a central place forager, such as a bird
that must return to its nest. Long, linear habitats may exert greater energetic
demands due to greater flying distances between foraging sites and nests
(Andersson, 1978; Hixon, 1980; Hegner, 1982). Territory shape, like size, is
affected by resource availability and quality, as well as intruder visibility (Eason,
1992), which may not be predictable at the time of territory selection (Kristan III
et al., 2007). Territory size and shape reflect the influence of variables that not
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only affect the lifetime reproductive success of an individual, but also contribute
to population dynamics on a landscape scale.
Habitat loss and fragmentation are major causes of global avifauna
decline, especially for forest-dependent species (Ford et al., 2001; Hames et al,
2001; Seddon et al, 2003). Continued dispersal and colonisation amongst
remnants embedded in human-modified environments is largely influenced by
remnant characteristics and the species’ perception of the intervening matrix
(Hames et al., 2001; Watson et al., 2001; Seddon et al., 2003). In contrast to
agricultural or pastoral matrices, large-scale plantation establishments provide
forested habitat, increase regional diversity, and appear to buffer and elevate the
habitat value of remnant vegetation embedded within (Rishworth et al., 1995;
Bonham et al., 2002; Lindenmayer et al., 2002; Gunther and New, 2003;
Lindenmayer and Hobbs, 2004; Barlow et al., 2007; Tomasevic and Estades,
2008; Fonseca et al., 2009). The Australian plantation estate is projected to
expand from 1.8 million ha to 3 million ha by 2020 (DPIE, 1997), and a better
understanding of the quality of plantations as habitat and intervening matrix is
required if biodiversity conservation is to be one of the objectives of plantation
management.
Most research on the conservation value of plantations to date has focused
on species richness, abundance and assemblages (Estades and Temple, 1999;
MacDonald et al., 2002; Grabham et al., 2002a; Rotenberg, 2007; Luck and
Korodaj, 2008), and results indicate that most plantations support a subset of
forest fauna (Parris and Lindenmayer, 2004; Sinclair and New, 2004; Zurita et al.,
2006; Paritsis and Aizen, 2008), occupied predominantly by generalists and
migratory species (Bentley and Catterall, 1997; Hobbs et al., 2003; Sodhi et al.,
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2005; Zurita et al., 2006). Some studies however, demonstrate the ability of native
plantations, especially older and larger ones, in supporting forest- and woodlanddependent birds (Kavanagh et al., 2007; Loyn et al., 2007). The habitat quality of
plantations for insectivorous birds is likely to depend on habitat composition in
terms of vegetation type and structure, e.g. dryland and riparian forest remnants
embedded within plantations, as well as prey type and availability. Many studies
have highlighted differences in insect prey between native vegetation and
plantations, in composition, richness and abundance, although some species can
be more abundant in plantations (Bonham et al., 2002; Schnell et al., 2003;
Cunningham et al., 2005; Grove and Yaxley, 2005), and plantations are often
susceptible to insect outbreaks. The habitat quality of plantations may be reflected
in differences in avian territory size and shape between forest and plantation
habitats. The influence of forest remnants on territory attributes and their usage
relative to their availability needs to be examined.
The purpose of this study is to determine the relative habitat value of
native and plantation forests by investigating the territory size, shape and
composition of a sedentary insectivore – the eastern yellow robin (Eopsaltria
australis) – in regrowth eucalypt forests, and young eucalypt plantations with
dryland and riparian remnants. Breeding activity and rate of turnover are also
investigated. The eastern yellow robin is a forest-dependent songbird that belongs
to a suite of ground-foraging insectivores declining in remnant woodlands of
south-eastern Australia, and has been recommended as a ‘focal’ conservation
species due to their apparent sensitivity to habitat loss, fragmentation and
disturbance (Zanette, 2000; Watson et al., 2001, 2003). Larger territories are
predicted to occur in resource poor habitats (plantations) compared to higher-
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quality habitats (forests).

Moreover, if native forest is of higher value than

plantation forest, robins might be expected to centre their territories on remnant
and riparian vegetation patches within plantation habitats, creating territories more
irregular in shape than those in forest habitats.

If territory attributes are a good

indicator of habitat quality, variation in territory size and shape would be expected
between riparian and dryland forests that may confound differences between
plantations and forests. Accordingly, specific comparisons are made between
dryland forests and dryland plantations, and between riparian forests and riparian
plantations.

The objectives of this study are to compare across habitat types:

1. the area and shape of eastern yellow robin territories
2. the proportion of plantation and remnant trees (dryland or riparian) within
territories
3. the utilisation frequency of plantation trees vs. remnant trees

4.2 Methods
4.2.1 Study area
The study area was located on the mid-north coast of New South Wales, eastern
Australia, approximately 400 km north of Sydney, and 20 km inland from the
town of Port Macquarie (31°26'09"S, 152°51'48"E). The study area covered
approximately 315 km2 (circle with 10 km radius). Vegetation composition varied
throughout the study area, with moist eucalypt forests distributed on sheltered
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lower to mid-slopes, and dry eucalypt forests on less fertile, stony ridges.
Characteristic dry eucalyptus species include blackbutt (E. pilularis), white
mahogany (E. acmenioides), grey gum (E. propinqua), ironbark, bloodwood and
stringybark species. The mid and lower canopy strata are generally sparser in
comparison to moist forests, and largely dominated by acacia species, herbs and
grasses (FCNSW, 1993). Moist eucalypt forests are dominated by Sydney blue
gum (E. saligna), flooded gum (E. grandis) and tallowwood (E. microcorys) in
association with other species such as turpentine (Syncarpia glomulifera) and
brush box (Lophostemon confertus). The subcanopy is characterised by rainforest
species, including bangalow palm (Archontophoenix cunninghamiana), water vine
(Cissus antarctica), and morinda (Morinda jasminoides) (Hugget, 2000), and
shrubs such as scentless rosewood (Synoum glandulosum), narrow-leaved palm
lily (Cordyline stricta) and black plum (Diospyros australis) (DEC, 2005).
Twelve sites were selected, three in each of four habitat types – dryland
forests, riparian forests, dryland plantations, riparian plantations. Each replicate
site was 4 ha in area (200 x 200 m). Replicate sites were chosen based on
similarity in vegetation structure, floristic composition, forest management
history, and connectivity to adjacent continuous forests. Replicate sites were
arranged so that no two sites were less than 300 m from the other, and no two sites
of the same habitat type were less than 1 km from each other.
Dryland plantation sites were situated on mid-slopes. The two forest
habitats contained a mixture of dry and moist eucalypts; Riparian forests
contained a greater proportion of moist eucalypt species, and better developed
understorey of rainforest flora, while dryland forests were dominated by dry
eucalypt species. Riparian sites were chosen based on the presence of a strip (3–5
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m) of distinct and well-developed riparian vegetation either side of a third order
stream.
Plantation habitats were established on cleared pasture and planted to
blackbutt (E. pilularis) and flooded gum (E. grandis) in a mosaic of
monocultures, with some small remnants of native vegetation embedded within
(~30% of the site area in riparian plantations and ~10% of the site area in two
dryland plantation sites as one site does not contain remnants). Blackbutt is
abundant in wet sclerophyll or grassy coastal forests throughout New South Wales
and up to south eastern Queensland; usually seen on coastal sandy loams, but also
grows well on clays and volcanic soils. Blackbutt has finely fibrous, grey-brown
bark on lower half of trunk, shedding in long ribbons; trunk above is smooth,
white or grey. Flooded gum occurs in tall open forests, usually on flats or lower
slopes of deep fertile valley with a preference for moist, well-drained, deep loamy
soils. There is one major area of occurrence from Newcastle in New South Wales
northwards to around Bundaberg in Queensland, and smaller stands in the tropical
north. Flooded gums are characterised by short ‘stocking’ of greyish, flaky rough
bark of 1–4 m, and smooth, white, greyish white or bluish grey trunk above
(Boland et al., 2006; PlantNet, 2010). Plantations were un-thinned and leased for
grazing. Riparian zones situated within plantations were comprised largely of
remnant tall eucalypts and rainforest shrubs, but lacking in a well-developed
understorey due to cattle activities. Dryland and riparian plantation sites were
located in three different land-purchase plantations established between 1998 and
2000. Reid Plantation (101.20 ha) was connected to Bril Bril State Forest (2,364
ha). Fletcher Plantation (333.45 ha) and Slater Plantation (100 ha) were connected
to Cairncross State Forest (5930 ha). These plantations were established for saw-
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log production, with rotation intervals of 20–30 years. They were established on
cleared pasture and were leased for grazing. The lack of older eucalypt plantations
in the study area precluded the use of stand age or structural stages for comparison
in this study. Dryland and riparian forest sites were situated within Bril Bril and
Cairncross State Forests, and have undergone various logging regimes since the
1890s. They were last selectively logged between 30 and 50 years ago, and were
not subject to grazing.
The climate is subtropical and strongly influenced by elevation and
distance from the coast, tending to be more temperate further inland, with higher
rainfall at higher elevations (FCNSW, 1988). Temperature ranges from 13.1 –
22.2°C (mean daily minimum to maximum) and median annual rainfall is 1407.6
mm (BOM, 2010) with about 60% of the average annual rainfall occurring in the
5 months between December and April (FCNSW, 1993).

4.2.2 Study Species
The eastern yellow robin is a medium-sized insectivorous passerine (mean length
15.5 cm, weight 20 g) of the family Petroicidae, endemic to east and southeast
Australia. Eastern yellow robins forage predominantly by pouncing on ground
invertebrates from a low perch, a strategy that may have evolved in response to
the sparse shrub and ground layer characteristic of Australian eucalypt forests
(Ford et al., 1986; Holmes and Recher, 1986). Eastern yellow robins inhabit
forests and woodlands dominated by eucalypts, but also subtropical and temperate
rainforest, and monterey pine (Pinus radiata) plantations (Higgins and Peter,
2002). Preferred habitats are characterised by a tall shrub layer with many vertical
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stems on which to perch, and a dense understorey with a sparse, grassy or minimal
understorey (Higgins and Peter, 2002). They appear to be sensitive to habitat
fragmentation and isolation, seldom occurring in small forest tracts < 20 ha in size
(Barrett, 1995; Zanette, 2000; Watson et al., 2001). Eastern yellow robins are
sedentary and established pairs defend territories throughout the year. Breeding
occurs between July and January, with feeding of young carried out by both
parents, and occasionally related male helpers. A total of 42 robins (15 of which
were subadults) were trapped and banded before the start of the September 2005
breeding season (Feb. – Apr. 2005), and their turnover was analysed for the
following two breeding seasons (Sept. 05 – Jan. 06; Sept. 06 – Jan. 07); 19 more
robins were banded in Sept. –Nov. 05; 6 between Feb. and Apr. 06, and 3 in Sept.
2006. Immature or subadult birds were excluded as these were not recorded at all
sites; some may have been dispersing, while those that stayed as helpers in their
parents’ territories are unlikely to have contributed to successful breeding
(Marchant, 1987).

4.2.3 Territory mapping
The eastern yellow robin was chosen as target species based on regularity of
presence derived from surveys conducted between Nov. and Dec. 2004. It was
found in every habitat type and replicate site. Individual birds were captured in
mist-nets, during sessions conducted between Feb. and Apr. 2005, Sept. 2005,
Apr. 2006, and Sept. 2006. Captured birds were fitted with a numbered metal
band and three colour bands in a combination unique to the individual.
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Territory sampling was carried out in the four habitat types over two time
periods: Jan. 2006 – Mar. 2006, and July 2006 – Feb. 2007. Sites were visited
between 0700 and 1200 hours, on days of dry weather with little or no wind, and
only one site was visited per day. The observer followed resident birds
continuously, and recorded their location and time spent within different
vegetation types with a tape recorder. For birds in plantations, the location of
birds in plantation trees or in remnant trees was also recorded.

4.2.4 Data analysis
Territory of the eastern yellow robin pair in each of the twelve replicate sites were
plotted in ArcView GIS for territory analysis, using location fixes from July 2006
– Feb. 2007 as data from Jan. 2006 – Mar. 2006 were insufficient. Territory
analysis was performed with fixed kernel distributions, which examine utilisation
distributions (UD's) to produce isopleths with a designated proportion of usage
based on the frequency distribution of the animal’s locations; 50 location fixes
were chosen to be the minimum sample size, where possible (Worton, 1987; Barg
et al., 2005). The 95% and 50% isopleths describe areas with 95% and 50%
probability of encountering a robin, respectively. Territory boundaries were
established at the 95% isopleth while the 50% isopleth delineates the core area of
intense activity, which may highlight important local habitat characteristics. Ease
of observation differed among habitat types, and robin sightings in riparian forests
were especially difficult; hence, one data set from riparian forests was discarded
due to insufficient number of location points. Frequency of visit and the average
number of bird location fixes used in territory analyses are presented in Table 4.1.
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Table 4.1 Mean number of visits (days) and location fixes used in territory
analysis for each of four habitat types.
Visits (days) Location fixes
Dryland Forests

12

68

Riparian Forests

11

22

Dryland Plantations

12

62

Riparian Plantations 11

92

Territories of similar size may differ in shape, and the concomitant
difference in perimeter to area ratio may influence territory quality. Territory
shape was examined with the Edge Index (EI); the closer the value is to 1, the
more circular the territory is in shape (Patton, 1975; Taylor, 1977). Edge index is
calculated directly from the perimeter and area as: EI = Perimeter/2√(Area x π).
Comparisons of territory size and shape estimates among habitat types were
analysed using two-way ANOVA (analysis of variance). Interaction terms are not
reported unless significant.
Within dryland and riparian plantations, the proportion of remnant
vegetation and plantation trees within each replicate site and territory were
calculated through digitisation of aerial photographs with ArcView GIS. One
dryland plantation site was excluded from analysis as it did not contain remnant
vegetation. The proportion of time the robins spent in each vegetation type was
analysed with a Chi-squared goodness-of-fit test for each replicate site. Expected
values were based on proportion of cover of each vegetation type as digitised. i.e.
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χ2 = (p − P)2 + (r − R)2
P

R

Where (all units in seconds),
p = observed usage of plantation trees
P = expected usage of plantation trees based on proportion of cover
r = observed usage of remnant trees
R = expected usage of remnant trees based on proportion of cover

The null hypothesis is that the proportion of time birds spend in plantation and
remnant trees is equal to the proportion of plantation and remnant trees in the site,
i.e. birds choose trees randomly, in equal proportion to their availability. The
hypothesis is rejected at the 1% significance level (χ2 = 6.635) to reduce the risk of
committing a type I error.

4.3 Results
4.3.1 Territory Size and Shape
Analyses of 95% fixed kernel territories showed there was no significant
difference in territory size between forest and plantation habitats (F1, 7 = 3.248, P
= 0.115) or between dryland and riparian habitats (F1, 7 = 0.040, P = 0.847). In
dryland forests, territory sizes ranged from 1.96 ha to 3.62 ha (mean = 2.88 ha +
0.83 ha) while in dryland plantations, territory sizes ranged from 1.14 ha to 2.97
ha (mean = 1.84 ha + 0.99 ha). In riparian forests, territory sizes ranged from 1.28
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ha to 2.63 ha (mean = 2.53 ha + 0.14 ha), compared to a range of 1.80 ha to 2.26
ha (mean = 1.96 ha + 0.27 ha) in riparian plantations. Dryland forests and dryland
plantations exhibited greater variability in territory sizes compared to their
riparian counterparts (Fig. 4.1a). There may be a trend for greater territory sizes in
forest habitats; however, greater sample sizes are required to confirm this trend.
The core areas where robins concentrated 50% of their activity did not
vary significantly in size among forest and plantation habitats (F1, 7 = 0.040, P =
0.848), or between dryland and riparian habitats (F1, 7 = 0.242, P = 0.638). Core
areas ranged from 0.26 to 0.33 ha, and made up approximately 13% of the total
territory area. Representative territories of each habitat type are presented below
(Fig. 4.2)
Territory shape also did not differ significantly among forest and
plantation habitats (F1,
habitats (F1,

7

7

= 0.215, P = 0.657) or between dryland and riparian

= 0.296, P = 0.603); however, both riparian forests and riparian

plantations exhibited more than twice as much variability in their edge index as
their dryland counterparts (Fig. 4.1b).
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Fig. 4.1 Variation between habitat types in a) mean territory size (+ s.e.; dark
grey) and core area (light grey), and b) mean edge index (+ s.e) of eastern yellow
robin territories.
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d)

Fig. 4.2 Representative eastern yellow robin territories in a) dryland forest, b)
riparian forest, c) dryland plantation, and d) riparian plantation. The grey area
represents the 95% isopleth, and the white core area represents the 50% isopleth,
with 95% and 50% probability of encountering a robin, respectively. Circles
represent robin location fixes.
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4.3.2 Usage of plantation vs. remnant trees
Within dryland plantation sites with stands of remnant vegetation, remnant trees
accounted for a mean proportion of 11% of the site area, and 36% of robin
territories. On average, robins spent 60% of their time within remnant trees (Fig.
4.3a). Individual analysis of these two sites revealed a significant difference in the
proportional utilisation frequencies of plantation and remnant trees in both sites
(Table 4.2).
Within riparian plantations, riparian trees comprised approximately 28%
of the site area; however, riparian vegetation comprised over half (53%) of the
area of robin territories, and 71% of total recorded usage by robins occurred in
riparian vegetation (Fig. 4.3b). A significant difference in usage of plantation and
remnant trees in relation to their available cover was found for all sites (Table
4.2). Overall, robins spent disproportionately less time within plantation trees
compared to remnant riparian trees.

Table 4.2 Percentage of remnant vegetation, their usage, and χ2 values of dryland
and riparian plantation sites; * denotes significant difference from the expected
usage of remnant trees according to their availability within each site (P = 0.01).
Percentage of
remnant trees

Percentage usage of
remnant trees

χ2

Site I

0.06

0.72

13813.61*

Site II

0.17

0.44

3399.482*

Site I

0.23

0.90

11834.75*

Site II

0.42

0.71

9050.324*

Site III

0.30

0.47

952.791*

Dryland Plantations

Riparian Plantations
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Fig. 4.3 Proportion of plantation and riparian trees within eastern yellow robin
territories, and their usage in proportion to the total activity budget (+ s.e.) in a)
dryland plantations; and b) riparian plantations.
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4.3.3 Site fidelity
The eastern yellow robin exhibited similar levels of site fidelity in all
habitat types (Fig. 4.4). For dryland and riparian forests, two of the three replicate
sites contained at least one banded robin that stayed for two breeding seasons. For
dryland and riparian plantations, all three replicate sites contained at least one
banded robin that stayed for two breeding seasons. Data on breeding productivity
is lacking due to low sample sizes; however, breeding and successful fledging was
observed in all habitat types (Table 4.3).
Although eastern yellow robins displayed the capability for over-winter
survival and breeding in plantation habitats, two incidences of robin movement
between habitat types were also observed. A robin captured in a riparian
plantation site in Sept. 2005 was sighted in bushes across the trail from a dryland
forest site 1.2 km away, on three occasions (July 30, Sept. 20 and Oct. 15, 2006).
Another robin, captured as an immature bird in a dryland plantation site in Feb.
2005, was retrapped in the nearest dryland forest site on Sept. 14, 2006. It was last
seen feeding a juvenile on Nov. 27, 2006.
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Fig. 4.4 Proportion of eastern yellow robin (+ s.e.) banded before September 2005
that stayed for the Sept. 05 – Jan. 06 breeding season (white) and the Sept. 06 –
Jan. 06 breeding season (light grey).

Table 4.3 Number of sites (out of three replicates) where successful fledging was
recorded for seasons 1 and 2 for the four habitat types.
Dryland

Riparian

Dryland

Riparian

Forests

Forests

Plantations

Plantations

Season 1

3

2

2

1

Season 2

2

2

2

3
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4.4 Discussion
4.4.1 Territory size
The territory sizes of eastern yellow robins in both forest and plantation habitats
were within the range of 1–3 ha reported by previous research (Ford et al., 1985;
Marchant, 1985; 1987) although territories of 5–6 ha have been recorded in
environments with fewer resources (Debus, 2006). Similarity in territory sizes
between forest and plantation habitats in the present study, and to those in similar
environments on the vegetatively and structurally rich eastern coast of Australia,
suggest that some areas within plantations meet the eastern yellow robin’s
minimum requirements for the establishment of territories.
There was no significant difference in territory size among habitat types,
likely due to low sample sizes. Territory size, though generally considered to be
associated with habitat quality as measured by resource availability, is often
highly variable among conspecifics, due to other factors such as predation risk,
local density and intrapsecific competition (Smith and Shugart, 1987; Candolin
and Voight, 2001; Sillett et al., 2004; Brouwer et al., 2006). Research has shown
that plantations can differ from forest habitats in many respects, including:
invertebrate abundance and richness (Bonham et al., 2002; Schnell et al., 2003;
Cunningham et al., 2005; Grove and Yaxley, 2005); resident bird densities
(Chapter 1); and potentially predation pressure from corvids, which are commonly
associated with edges and the interface of modified habitats (Luck et al., 1999a, b;
Piper et al., 2002), and account for a large percentage of nest failures for the
avifauna of eucalypt forests (Berry, 2002; Zanette, 2002; Debus, 2006). Plantation
habitats in the present study were also subjected to grazing, which removes
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vegetation that provide shelter and foraging substrate for both birds and prey
(Popotnik and Giuliano, 2000; Stevens et al., 2002; Oliver et al., 2006; Martin and
McIntyre, 2007). It would appear that plantations provide lower quality habitat;
however, the absence of differences in territory size among habitat types suggests
that territory size was governed by factors other than resource availability.
Better quality habitats are often occupied earlier by older, larger, more
experienced birds (Korpimäki, 1988; Holmes et al., 1996; Hunt, 1996; Major et
al., 1999a; Sergio and Newton; 2003) while younger, smaller, less experienced
birds are relegated to inferior habitats in an ideal-despotic distribution (Holmes et
al., 1996; Chamberlain and Fuller, 1999; Zanette, 2001; Sergio et al., 2009). Local
density and intraspecific competition often increase with habitat quality (Holmes
et al., 1996; Poulsen, 1998), and limit the extent of area available for territory
formation. Experimental bird removals have resulted in territory enlargements by
the remaining birds, with a concomitant increase in nesting probability, chick
growth rate, recruitment probability and adult survival (Both and Visser, 2000, but
see Githiru et al., 2007), suggesting regulation of territories through avifauna
density rather than resource availability in certain habitats. Observation data from
the same study sites (Chapter 2) indicates that the density of the two insectivores
were lower in dryland plantation habitats. It is possible that avifauna density
played a role in territory establishment in the present study.
Furthermore, birds with low quality foraging grounds do not necessarily
have larger territories, as territory sizes may be related more to local foraging
‘hotspots’ rather than general proportions of different vegetation types (Elchuk
and Wiebe, 2003). The eastern yellow robin forages predominantly by scanning
for insects on the ground from low perches on branches or on trunks (Higgins and
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Peter, 2002). The availability of open ground and perches determines the
availability of foraging grounds, and are therefore important attributes to the
robin’s foraging ecology. Yosef and Grubb (1992) observed that the amount of
utilisable area for shrikes with a similar foraging strategy was related to hunting
perches, not to territory size. Plantation habitats may provide sufficient perches
and open ground to fulfil the foraging requirements of the eastern yellow robin.
The absence of any difference in territory size between habitat types in the
present study may be due to the influence of foraging hotspots within plantations,
areas which are used in disproportion to their cover. The following section
discusses the existence and importance of foraging hotspots within robin
territories.

4.4.2 Territory use
Eastern yellow robins exhibited a marked preference for remnant vegetation in
dryland and riparian plantations, incorporating and using remnant vegetation in
disproportion to its occurrence. The marked preference for remnant trees
highlights their value in relation to plantation trees. Remnant vegetation in
plantations has a strong positive effect on the composition, richness and densities
of plantation avifauna (Estades and Temple, 1999; Grabham et al., 2002b;
Rotenberg, 2007), due to greater floristic diversity, structural complexity and a
concomitant increase in food resource availability (Connor et al., 1986; Gabbe et
al., 2002; Maguire, 2006; Reid and Hochuli, 2007); even small remnants
(understorey islands of < 1 ha) may act as refugia for dispersing invertebrates
including mature forest beetles and known edge avoiders (Baker et al., 2009).
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This result is consistent with previous research that observed a positive influence
of preferred habitat and vegetation structure on territory location, proportion of
usage, and life-history variables (Braden et al., 1997; Korpimäki, 1988; Kus,
1998; Githiru et al., 2007). Forest-dependent species, in particular, concentrate
their territories in areas with higher structural and vegetation complexity (Kus,
1998; Barg et al., 2006). For example, reintroduced Stewart island robins
(Petroica australis rakiura) and South Island saddlebacks (Philesturnus
carunculatus carunculatus) showed preferences for structurally complex
vegetation with greater abundance and diversity of food resources (Michel et al.,
2010).
Within riparian plantations, the eastern yellow robin centred their
territories on riparian vegetation, which made up the bulk of robin territory and
utilised areas. The presence of more large mature trees relative to dryland
plantations (Chapter 3) may have contributed to the habitat value of riparian
plantations for the eastern yellow robin, as tree age has a strong positive influence
on avifauna richness and abundance (Patterson et al., 1995; Kavanagh et al., 2007;
Luck and Korodaj, 2008), and large, mature trees are preferred by some forestinterior species (Jones and Robertson, 2001; Barg et al., 2006). Riparian strips are
known to be more productive and species-rich due to higher moisture and nutrient
levels (Bentley and Catterall, 1997; Woinarski et al., 2000; Allen et al., 2006;
Palmer and Bennett, 2006), and may be better able to retain moisture-loving
invertebrates which are often lost as forest fragments dry out over time (Baker et
al., 2009). The riparian strips investigated in this study were also part of a network
of riparian vegetation; connectivity on a landscape scale would have facilitated
dispersal and occupancy of flora and fauna, (Banks et al., 2005), resulting in
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greater biodiversity than remnant patches scattered throughout dryland
plantations.
Similar to the white-starred robin (Pogonocichla stellata), which held
comparable home range sizes even though the proportion of preferred vegetation
structure within home ranges differed across forest fragments (Githiru et al.,
2007), the eastern yellow robin also held similar-sized territories across habitat
types with different proportions of favoured vegetation. Despite the apparent
preference for stands of remnant vegetation, robins were able to persist in a
dryland plantation site without remnant vegetation (unlike the other plantation
sites, this particular site had open grounds free from weed infestation). Thus,
persistence of robins in plantation habitats may be primarily attributed to their
versatility and adaptability, and the presence of favourable microhabitat variables,
rather than on a specific percentage of remnant vegetation. However the lower
density of robins in plantations may be a result of fewer resource hotspots.
Selective usage of resource-rich areas has been observed in insectivores
(Naef-Daezner, 2000); the resulting increase in foraging efficiency demonstrates
the advantage of incorporating resource-rich areas/foraging hotspots within
territories. Overall, differences in the quality of forest and plantation habitats were
not reflected in the robins’ territory size and shape, but in the usage of preferred
microhabitat within territories.

4.4.3 Breeding and site fidelity
Both dryland and riparian plantations supported breeding pairs of eastern yellow
robins, and subsequent fledging of young. Individual sites, however, differed in
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their quality as foraging and nesting habitat. Although eastern yellow robins were
recorded in all sites in the initial survey, subsequent observation revealed that
robins were only present regularly in two of the three dryland plantation
replicates. As all plantation sites were in close proximity (< 1 km) to large tracts
of continuous forests with a probable source population, local scale habitat
features may have exhibited a greater influence on the utilisation of plantations.
The single dryland plantation site with no breeding activity over two seasons
contained a widespread invasive weed, Imperata cylindrica, which formed tall
and dense mats that can impede the movement and foraging activity of groundforaging birds (Elchuk and Wiebe, 2002; MacDonald, 2004). Visitations for
foraging can occur independently of the presence of suitable nesting habitat (Kus,
1998), and lower quality habitats may have greater incidences of temporary
absence and lower probability of breeding, and only be occupied by breeding
pairs when suitable habitats are unavailable (Korpimäki, 1988; Groom and Grubb,
2006). The presence of robins was therefore not a good indicator of habitat
quality, as robins may have utilised remnants within this site as an occasional
foraging ground while nesting in better habitat outside the site.
There was no appreciable difference in the rate of turnover between forest
and plantation habitats. Adaptive habitat selection, where individuals sample and
select habitats that maximise their fitness in a non-random fashion, is difficult to
assess (Doerr et al., 2006). However, even sink habitats have the potential to
provide additional habitat that contribute to the maintenance of a metapopulation
on a landscape scale (Pulliam 1988). Birds from low quality territories are more
likely to change territories than birds occupying higher quality territories
(Korpimäki, 1988). Robin movements from plantation habitats to dryland forests
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– despite plantation habitats having the capability of supporting breeding robins,
and potential fitness costs associated with the loss of familiarity of the area –
suggest that plantations may act as ‘leaky sinks’, in which there is some nonrandom back-dispersal to higher-quality areas and/or source populations (Dias,
1996). Adult robins have high annual survival rates (66–82%, Marchant, 1985;
71%, Debus, 2006; 72%, female, Zanette, 2000), and long term monitoring may
uncover a pattern of dispersal to and from plantation and forest habitats, and
further our understanding of the role plantation habitats play in stabilising the
metapopulation.

4.5 Conclusion
Eastern yellow robins established breeding territories within plantation habitats
and their territories were of similar size and shape compared with robins in forest
habitats. However, robins showed a marked preference for remnant vegetation
within plantations, which suggests that these areas may provide greater habitat
and foraging value due to their age, structure and floristic diversity. Still,
plantation habitats provide both foraging and nesting habitat, except in areas
infested with weeds, and they have the potential to enhance the persistence of
small insectivorous birds in landscapes that have been heavily modified by
humans. With the projected increase in the plantation estate to 3 million ha by
2020, plantations may help arrest the current decline in forested areas outside
reserves, and contribute to the development of a network of populations and a
stable metapopulation on a regional scale. Although this study has demonstrated
that plantations are occupied, defended, and result in the production of new
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recruits which have been recorded moving to native forests, a larger sample size
of breeding robins in both habitat types is required to determine the population
growth rate, dispersal and recruitment patterns. This information is required to
determine the contribution of plantations to metapopulation dynamics and thus
persistence of the species at the landscape scale.
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Chapter 5
Conclusion

The primary effect of land clearing is habitat loss. As vegetation cover in the
landscape becomes ever more highly fragmented, isolation and decreasing patch
size contribute to the effect of habitat loss on species decline (Andrén, 1994).
Large-scale afforestation with native plantations offers the opportunity for habitat
restoration in key areas (e.g. riparian corridors, large remnants), and development
of a well-connected network of native vegetation across the landscape.
Plantations, particularly those with long rotation lengths and complex
understoreys, can also provide habitat and increase regional biodiversity (Barlow
et al., 2007; Fonseca et al., 2009). This study investigated the contribution of
native eucalypt plantations to biodiversity conservation, through comparisons of
avifauna richness, abundance and composition, as well as autecological studies of
two small insectivores. The study was carried out in regrowth forests between 30
to 50 years from the last selective-logging event, and native plantations aged 8-10
years, planted to Blackbutt (E. pilularis) and Flooded gum (E. grandis). The
ecology of the avifauna was investigated in dryland forests and plantations, and in
riparian zones situated in native forests, eucalypt plantations, and cleared pastoral
land.
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5.1 Avifauna richness, abundance and composition
Native forests were rich in bird species and numbers, especially forest- and
woodland-dependent species, forest residents, insectivores and nectarivores.
Riparian forests harboured a slightly more diverse assemblage than dryland
forests. My results suggest that with area-proportional sampling, more species
may be found in native forests, particularly those that are rare or wide-ranging
(Zurita et al., 2006; Hannah et al., 2007). Each habitat type with the exception of
dryland and riparian forests were distinguished by bird species composition.
Riparian strips through plantations were closest in avifauna assemblage to
native forest habitats. Riparian plantations supported a similar number of forestand woodland-dependent species to forest habitats, although many open-country
species were also present.

Despite the presence of a greater number of

insectivores in riparian plantations compared to dryland plantations, avian
communities in forest habitats still had twice as many common and abundant
insectivores as riparian plantations.
Riparian strips through pastoral land had the highest cumulative species
richness, reflecting a diverse mix encompassing all six feeding guilds. Increased
habitat heterogeneity from the juxtaposition of two vastly different habitats
provided resources for a combination of forest- and woodland-dependent species,
and a larger number of open-country foragers, mostly granivores and vertebrate
eaters that have benefited from land-clearing. Insectivores however, were low in
abundance compared to forest habitats.
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In contrast to the other habitat types, dryland plantations were more
homogenous in species composition, reflecting homogeneity in habitat
characteristics. Dryland plantations also supported significantly fewer species and
in lower numbers, particularly for forest- and woodland-dependent birds,
insectivores and frugivores. Consistent with other studies, dryland plantations
supported approximately half of the species found in native forests, the majority
of which were common, wide-ranging habitat generalists and/or omnivores.
The results of the present study suggest that, in spite of the poor condition
of the riparian strips (little woody debris, dead trees and litter, riverbank erosion,
reduced vegetation cover and loss of biodiversity), riparian strips are of significant
habitat value to birds, as attested by the elevated species richness, abundance, and
presence of forest- and woodland-dependent species found in riparian strips
surrounded by human-modified matrices. Plantation trees provide a better matrix
than pasture for forest- and woodland-dependent birds and insectivores inhabiting
riparian strips. Insectivore richness and abundance appear to be a valuable
indicator of habitat quality and this study supports the use of insectivore guild
parameters for highlighting differences in habitat value.
The differentiation of bird communities across habitat types reflects a
fundamental difference in habitat characteristics and quality. Bird communities
are determined by many factors, including food availability (Zanette et al., 2000),
vegetation structure, composition and diversity (Watson et al., 2001; Seddon et
al., 2003; Watson et al., 2003), competition, predation (Grey et al., 1997; Luck et
al., 1999a, b; Major et al., 2001; MacDonald et al., 2003), and a combination
thereof (Jones, 2001; Rodewald and Yahner, 2001).
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Plantations adjacent to native forests have higher abundances and diversity
of native fauna than plantations located further from native forests (Christian et
al., 1998; Berg, 2002; Kavanagh et al., 2005). The eucalypt plantations
investigated in this study were all contiguous with large tracts of State Forests,
and accessible by vagile species such as birds. The avian assemblages recorded
were therefore likely to reflect optimum utilisation by birds of young plantations,
relative to plantations isolated from large contiguous forests. Although plantation
habitats were planted to the same species, of the same age, at the same distance to
large tracts of native forest, differences in avifauna community and abundance
were apparent between dryland and riparian sites. The influence and importance
of local scale characteristics is apparent, and an understanding of these
characteristics will be necessary in environmental policies aimed at increasing the
biodiversity conservation value of our native plantations.

5.1.1 Habitat characteristics
Forest habitats differed from plantations in having more structural complexity
through greater canopy, shrub and litter cover, as well as more logs on the ground.
Leaf litter and fallen, decomposing logs influence invertebrate numbers and
composition by providing valuable foraging ground for ground-foraging
insectivores, and are frequently used as a foraging substrate more often than in
proportion to their availability (O’Connor, 1991; Evans et al., 2003; Antos and
Bennett, 2006). Additional microhabitat features such as branches and stems
(represented by shrub cover) in the appropriate position and height are also
required to facilitate prey location by ground-pouncing species such as the eastern
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yellow robin (Higgins and Peter, 2002; Recher, et al. 2002; Antos and Bennett,
2006). The lower quantity of shrub, litter and log cover in plantation habitats is
therefore likely to have an impact on food availability, and the foraging efficiency
of ground-foraging insectivores. Furthermore, plantations were found to support a
sparse understorey dominated by bracken and grasses such as the invasive
Imperata cylindrica, a species known to impede movement through the formation
of tall, dense, mats (Elchuk and Wiebe, 2002; MacDonald, 2004). Within
plantation sites infested with the weed, robins were limited largely to patches of
remnant vegetation. In a single plantation site devoid of weed infestation (and
remnant vegetation), robins were able to forage and breed over two seasons. The
white-browed scrubwren also avoided weed-infested areas; but were unable to
colonise plantations without remnant vegetation or understorey cover. These
results suggest that apart from the ground mosaic of litter and logs, the extent of
weed infestation and understorey cover will also determine, in part, the amount of
habitat available to foraging insectivores.
Riparian and in-stream habitats are key management factors for the health
of Australia's rivers (Sattler and Creighton, 2000), and riparian strips constitute
another important habitat characteristic. Despite their size and history of
disturbance, riparian strips in pastures and plantations supported many birds from
the regional species pool, including many frugivores and nectarivores, probably
due to higher fertility and productivity associated with riparian zones (Bentley and
Catterall, 1997, Kavanagh et al., 2005), and the retention of more large, mature
trees in riparian strips than in remnants embedded within dryland plantations.
Riparian strips appear to have greater influence on avifauna assemblages,
as riparian plantations shared a more similar avian community to riparian pastures
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than to dryland plantations. Riparian strips are linear and have a high edge-toarea ratio, and plantation trees may have buffered riparian strips from adverse
edge effects such as increased nest predation, weed infestation, light intensity,
temperature and desiccation. The incorporation of plantation trees into the
territories of the eastern yellow robin and white-browed scrubwren suggest that
they also have value for foraging or shelter.

5.1.2 Autecology of target species
The two target species, the eastern yellow robin and the white-browed scrubwren,
did not show any major differences in behaviour between habitat types. Forest
habitats were characterised by many eucalypt species with rough, ridged bark,
while plantations were planted to species with rough, fibrous bark on the lower
trunk and smooth upper trunk and branches. The eastern yellow robin exhibited
behavioural flexibility, spending more time on the substrate that predominated in
the habitat - rough-barked trunks and stems as perches in forest habitats, and
branches in eucalypt plantations where vertical perches were few.
The white-browed scrubwren also utilised habitat-specific substrates in
accordance with availability – logs in forest habitats, and grass, ferns and shrubs
in plantations. However, lower density and frequent absence of both species in
dryland plantations suggests that behavioural changes cannot accommodate the
absence of essential habitat features and resources, and dryland plantation habitats
pose greater survival risks than forest habitats.
Although the white-browed scrubwren is capable of utilising a large range
of substrates in accordance with availability – a trait that allows this species to
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inhabit disturbed and modified habitats from suburban parks and gardens, pine
plantations, to introduced plants along creeksides when the surrounding country
has been cleared (Higgins and Peter, 2002) – it was unable to persist in plantations
infested with certain types of weeds (lantana Lantana camara being an
exception), as well as plantations without remnant vegetation with an understorey.

5.1.3 Territory characteristics of the eastern yellow robin
Territory size, shape and perimeter-to-area ratio did not differ significantly among
forest and plantation habitats, suggesting that plantation habitats can provide
sufficient resources such as perches and open ground to fulfil the foraging
requirements of the eastern yellow robin. Eastern yellow robins exhibited a
marked preference for remnant trees, incorporating and using remnant vegetation
in disproportion to their available cover within plantations. This result is
consistent with previous research that observed a positive influence of preferred
habitat and vegetation structure on territory location, proportion of usage, and lifehistory variables (Braden et al., 1997; Korpimäki, 1988; Kus, 1998; Githiru et al.,
2007). It indicates that plantations can, with appropriate management of a few key
resources, support a wider diversity of species. The management activities
required include weed control and protections of remnant trees within plantations.
Preference of robins for remnants embedded within plantation habitats is
likely to be due to the greater vegetation and structural diversity, complexity and
prey availability found within remnant patches, as well as greater areas of litter
and ground substrates required for foraging. However, robins were able to persist
and breed in a dryland plantation site without native remnant vegetation, with
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small thickets of lantana, and in one instance, blackberry (Rubus fructicosus)
providing shelter to fledglings. At the same time, no robin was observed to breed
in a dryland plantation site infested with Imperata cylindrica. Therefore,
persistence of robins in plantation habitats may be primarily attributed to their
versatility and adaptability rather than on a specific percentage of remnant
vegetation; however, weed infestation has a major effect on the ability of robins to
persist in plantations.
Although successful breeding was observed in plantation habitats, robins
were observed to move from plantation habitats to dryland forests but not vice
versa, despite potential fitness costs associated with the loss of familiarity of the
area. This suggests that plantations may act as ‘leaky sinks’, in which there is
some non-random back-dispersal to higher-quality areas and/or source
populations

5.1.4 Consequences for management
Native eucalypt plantations provide foraging and breeding habitat for a range of
avifauna on the east coast of NSW, including two ground-foraging insectivores
sensitive to habitat loss and fragmentation. However, dryland plantations
supported a depauperate bird assemblage compared to forest habitats, indicating
that changes in management policies will be necessary to increase the benefits of
plantations to biodiversity conservation.
The location and spatial context of plantations are important factors for
consideration in plantation management (Kanowski et al., 2005; Lindenmayer and
Hobbs, 2007). Records of back-dispersal by eastern yellow robins from
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plantations to native forests suggest that plantations may be best established in
close proximity to native forests so as to minimise isolation from source
populations, and to maintain a stable metapopulation. However, large-scale
afforestation must consider grassland and shrubland species that may be displaced
by plantations (Reino et al., 2009).
The importance of a continuous riparian network for avifauna was evident
in the elevated species richness, abundance, and similarity in composition to
native forests, even in a hostile matrix such as pasture. The establishment of
plantations around riparian networks will increase the carrying capacity of
riparian strips for forest- and woodland-dependent species, as well as provide
continuous vegetation cover to facilitate dispersal and colonisation of plantations
and the remnant patches embedded within, and possibly to large tracts of forest
distant from the source population. Riparian strips may also be used as
demarcation lines or as buffers against fire, pests and disease (Hawes et al., 2008).
Local-scale management issues pertinent to the present study include weed
management. There was a lack of understorey in plantations, and birds were
observed to shelter in weeds such as blackberry and lantana, especially newly
fledged juvenile birds. Application of herbicides to eliminate unwanted plants
may further decrease the structural and floristic diversity of plantations. However,
this study also found that the invasive Imperata cylindrica made large areas
inaccessible to ground-foraging insectivores. In order to allow the formation of an
open litter layer for foraging, promote development of non-invasive understorey
flora for perch and shelter, and prevent the spread of weed infestation into
surrounding native forests, early control of invasive weeds with herbicide
application will be necessary.
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Weed control with approved ‘pre-emergent’ (or ‘residual’) herbicides that
target germinating weeds may be necessary within eucalypt plantations. However,
tolerance of eucalypts to herbicidal sprays is variable, depending on species, the
type and condition of the seedling, concentration at which the herbicide is applied,
timing of the application, and the organic matter content and soil texture, which
can affect herbicide activity and leaching of herbicides into waterways. It may be
preferable to reduce herbicide usage with alternative strategies, e.g. sowing a
cover crop of leguminous species, probably when eucalypts are established to
avoid early interspecific competition; mulching with various products; and regular
cultivation of sites (Florence, 2007).
Habitat homogeneity also needs to be addressed if biodiversity
conservation is to be a serious objective in plantation establishment and
management. The habitat value of remnants and riparian vegetation within
eucalypt plantations was disproportionate to their area, as evidenced by the
significant preference shown by the eastern yellow robin in their usage of the
plantation stand. Species richness, and the degree of similarity in species
assemblage to that found in continuous eucalypt forests, has been found to
increase with the area of remnant patches (Lindenmayer et al., 1999a, b;
Lindenmayer et al., 2002). Even single paddock trees retained within eucalypt
plantations have an appreciable influence on avifauna richness and diversity
(Grabham et al., 2002b), although isolated trees are more prone to damage during
harvest and dieback (Darveau et al., 1995; Denyer et al. 2006). Existing remnants,
especially riparian vegetation, should be protected, and if possible, augmented
with a buffer of light-tolerant, fast-growing locally indigenous species, both to
increase their conservation value, as well as to protect them from biotic, abiotic
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and human-induced effects. The inclusion of patch protection and augmentation
as a management strategy is particularly important in areas where the vegetation
communities have experienced extensive clearing (Lindenmayer and Hobbs,
2007).
Apart from habitat heterogeneity, existing remnants are also valuable for
the large, mature trees retained within, including hollows in the bole or branches.
Depending on the species of trees, hollows may take 120-300 years to develop
into suitable habitats for arboreal animals and hollow-nesting birds (Florence,
2007). One-tenth of Australian bird species are obligate hollow-nesters, with no
ability to excavate their own hole (Newton, 1994). Furthermore, defence by
territorial species means that no more than 1/3 of the trees with hollows in any
given area of forest may be occupied by hollow-dependent species at any one time
(Florence, 2007). Hollow nesters, such as the yellow-tailed black cockatoo
(Calyptorhynchus funereus), may forage in dryland plantations. However, the
dearth of regular sightings of hollow-nesting species in plantations highlights the
lack of hollows as a resource. Different tree species at different stages of
development are required for hollows of different types and size for a range of
species (Gibbons and Lindenmayer, 1996; Wormington et al., 2003). Trees must
be retained for recruitment, in aggregates for protection from logging impacts, and
protected permanently from future harvest.
Other recommendations applicable to commercial plantations include 1)
mixed species plantings (polycultures), which may increase tree growth rate and
stand productivity; inclusion of a rough-barked trees, which will benefit barkgleaning species such as the brown treecreeper or crested shrike-tit, and increase
perching areas for ground-foragers like the eastern yellow robin; 2) retention of
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stags, logs and slash from logging to provide shelter and promote return of
nutrients to the soil; 3) lengthening of rotation in certain stands and staggered
harvest of small alternate coupes in place of clearfelling to produce different age
classes; and 4) protection from livestock grazing through fencing of areas of high
habitat quality, as grazing particularly affects understorey-dependent avifauna
(Hugget, 2000; Hartley, 2002; Kanowski et al., 2005; Kelty, 2006; Lindenmayer
and Hobbs, 2007; Martin and McIntyre, 2007; French et al., 2008). Plantations
established for environmental and/or conservation purposes may require
additional management, such as silvicultural practices that promote structural
heterogeneity and reintroduction of native species, particularly those of high
conservation value (Aubin et al., 2008), and those taxa with limited dispersal
ability or high niche specialisation (Fonseca et al., 2009).
This study found that dryland plantations were half the value of nearby
native forests in terms of the species supported, although species richness and
abundance of forest birds were improved in plantations compared to agricultural
land. Considering the short rotation lengths (10–15 years) of most hardwood
plantations, some of the aforementioned management policies are necessary to
increase their potential to conserve biodiversity.
This study provided some valuable insight into the contribution of
eucalypt plantations to the native avifauna of coastal NSW. Plantations buffer
remnant vegetation, and vary in foraging and/or breeding habitat value, depending
on the type of remnant embedded with. Research should now be focused on the
effects of different management policies on biodiversity conservation, including
invertebrates and non-vascular plants of which there is relatively little knowledge,
and the interacting influence of various factors such as aspect, slope, soil type,
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tree species and landscape context. Long term research and monitoring of diverse
taxa in plantations, with specific focus on riparian corridors and remnants, will
help to shape optimal plantation management policies as the national plantation
estate continues to expand.
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